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This invention concerned with the use of genetic engineering techniques in the ntodification of plants. 
The invention provides c^tmeric genes, plasmid vectors, plants, plant seeds, plant tissue, cell cultures and 
plffimkls arming in and from the use of such genetic ngineering techniques in the modlfteation of plants, and 
methods and compositions for controlling or combating insects in agriculture or horticulture. 

5 The invention particularly directed towards introduction and integration of a chimeric gene coding for a 

polypeptide toxin prcxiuced by Badllus thuringlensis or having substantial sequence homology to a toxin gene 
descnl)ed below in plant cefls and obtaining an insect controHing or comt>ating level of expression of said 
poIyi>6ptide toxin intracellulariy t>y transformed plant cells and their progeny. 

Recombinant DMA technology Is cunrentiy used to genetically engineer certain microorganisms sudi as 

10 bacteria and yeast to synthesize specific proteins. Genetic engineering of higher organisms mthin the present 
state of technology requires that one or a few cells be genetically engineered from which the entire organisn^ 
can develop. Antong higher organisms, the cells of certain plants exhibit excellent regeneration capabDity and 
therefore are considered potentially good material for the genetic engineering of suc^ plants. Furthennore, in 
higher plants, a known system is avaDable to Introduce foreign DMA into the plant genome. This system is pro- 
fs vided by the tumor inducing plasmid from ttie gram negative soil bacterium Aqrobacterium tumefaciens . 
Agrobacterium can genetically transform plant cells by stably Integrating T-DNA, a well defined fragment of the 
Tl plasmid, into the plant cell genome. Recently, important progress has been made to fadlttate the use of the 
Ti plasmid as a vector for plant genetic engineering. Small directiy repeated sequences which dank the T-DNA 
(Border sequences) have been found to play a key role in the T-ONA integration. Nononcogenic Ti plasmid 

20 vectore have been constmcted from which oncogenic tumor genes have been removed by an intemal deletion 
in the T-DNA These Ti plasmids still contain the border sequences and consequentiy transfer T-DNA without 
tunrtbr induction. An example of such a Ti plasmid derived vector from plant genetic engineering is p6V3650 
which contairis a substitution of the internal T-DISIA gene by the commonly used donlng vehide pBR322. Sev- 
eral procedures have been developed to regenerate infected plants which contain the pQV3850. pGV3850 with 

25 the pBR322 sequences present in its T-DNA is an efFident acceptor plasmid for gene transfer experiments in 
plant cells. Indeed, genes doned in pBR322 like plasmids are transferred to Agrobacterium and Inserted via 
homd<^ous recombination into the p6V3850 T-DNA in a single experimental step. 

Another major advance in the developntent of plant engineering technique is the use of plant regulatory 
sequences to express chimeric genes in plants. In general, these chmneric genes contain a promoter region 

30 derived from a gene which is naturally ^pressed in plant cells, the sequence to be expressed, and preferentially 
a 3' non-translated region containing a polyadenylation site of a gene which is naturally express^ in plant cells. 
For example, using the nopaline synthase promoter and bacterial antibiotic resistance genes, dominant select- 
able maricere f3r plant cells have been constructed. 

Although certain chimeric genes have now successfully been expressed in transformed plant cells, such 

35 expression is by no means straightfonvard. Various lines of evidence Indicate ttiat the level of expression of 
the foreign genes of non-plant origin not only varies greatiy in different transformed tissues but are in general 
very low. Such low levels of gene expression could be due to several reasons: first, incomplete transolption 
of the gene resulting from Inadvertent transcription temnination signals; second, Ineffident processing of the 
messenger RNA; third, impaired transport of the messenger RNA from the nudeus to the cytoplasm; fourth, 

40 instabnity of the cytopla^ messenger RNA; fifth, ineffident translation of the cytoplasm messenger RNA; and 
sbdh, instabOity of the protein due to its susceptibility to plant specific proteins. Consequentiy, the successful 
transformation of plant cells using vectore such as those described above is not necessarily predictable prior 
to attempting a desired transformation. 

Engineering of differentiated plant cells and their progeny to express the Bt2 polypeptide and/or a truncated 

45 vereion thereof and/or a pdypeptide having substantial sequence homology thereto is fer more difficult than 
other genes such as antibiotic resistance genes or other plant genes such as fhaumatin due to one or more of 
the fdlowing: (1) the large size of the Bt2 toxin, even in its truncated fomn; (2) the particular properties of the 
Bt2 polypeptide (such as, but not limited to, solubili^ of the pdypeptide); (3) tiie potential toxidty of the Bt2 
polypeptide toward the plant cells; or (4) the Bt2 polypeptide synttiesized in plant cells and their progeny must 

so retain substantially the same properties as the crystal protein synthesized in bacteria. 

Bacillus thuringlensis (refsnred to at times herein as B.t) bacteria indudes approximately 19 known vari- 
eties that produce polypeptide toxins which form parasporal crystals during sporulation. The crystal protein 
made by B.t Is toxic to the larvae of certain insects. The toxins produced by a particular variety exhibit strong 
insectiddal activity, against certain Lepldoptera and/or Ceoleoptera and/or Diptera larva. See .g., Tyrelt D. J. 

55 et al., J. Bacteriologv. (81) 145 (No. 2): p. 1052-1 062. When ingested by insect larvae, the crystals are solubl- 
lized and processed In the insect midgut to yield at least one active polypeptide toxin which Is believed to act 
n the midgut cdl membrane. Studies have revealed that individual crystal pdypeptides exhibit insectiddal 
activffy. Yamamoto, T. t al.. Current Microbiology. (83) 9: p. 279-284; Yamamoto, T. et al«, Aroh. Biochem. 
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Btophvslcs, (83) 227: (No, 1): p. 233-241; LHIey. M, et a!., J, Gen. Microbiol.. (80) 118: p. 1-11; Bulla, L. A. et 
aJ^ J, Bid. Chem.. (81) 256 (No. 6): p. 3000-3004. 

The toxic activity of the crystal polypeptide produced by Bacillus thurtnqiensis varieties is highly specific 
to particular insect sp^es and is recognize as safe to higher vertebrates. 

5 Preparations containing th crystals are u^d commerdally as a biological Inse^dde. Rh* exannple: Bao- 

tospeine, dlstritnitad by Biochem Products Ltd^ Dipel Abbott Laboratories; and Thuridde, Sandoz AG. The efR- 
cacy of preparations otstalned fircvn tiacterial hosts Is, however, limited as ade<|uate control of pests requires 
repeated and precisely timed applications. In addition, costs assodated wftii the production of such prepa- 
rations have made it difficult for them to compete effectively other commercially avaOable products, such 

10 as pyrethroid derivatives. 

Mdecular genetics studies have demonstrated that at least son^ polypeptide toxins prMfuced by BadHus 
tfiuringfenste are enccxled by plamlds. Stahly, D. P. etaL, (1978), Biochem. Biophvs, Res. Comnrmn., 84, p. 
581^8; Debaboc, V. G. et aL, (1977), Genetika. 13, p. 496-501. Genes encoding toxic crystal polypeptides 
from different B.t strains have been doned and express in other bacterial hosts. (Schnepf & WhUeley, PNAS 

IS (81) 78: 2993-2897. Wler. A et al., EMBOJ. (82) 1 (Na 7), p. 791-799; Adang et al.. Gene, (36), p. 289, 1985; 
Schnepf et al., J. Bid. Chem., (20), p. 6264. 1985; Shibano et al.. Gene, (34), 1985. 

Consklering the major importance cf plants btith for consumption and for production of valuat^le products, 
it wcMild be highly desiraide to genetically modify plants such that plant cells could synthesize polypeptide toxins 
substantially sImOar to tiiose toxins produced by Bacillus thuringiensis. without adverse efTeds to tiie plants. 

^ _ stably integiating.exogenousro^ coding for polypeptide toxins produced by Bacillus thuring- 

iensis faito the plant cell genome and otriaining an insect controlling level of expression of said exc^enous DNA 
fragments in plants, plant cells and their progeny so transfbnned would thereby become resistant to certain, 
insect pests. Plant cells and their progeny genetically engineered in this way would provide an economically 
advantageous substitute to existing commercial varieties by substantially obviating the need for specific chenv 

25 ical or bidogical insecticides, and provide a more reliable means of controlling particular insect pests, while 
retaining nonnrtal ntorphdoglcal characteristics. 

It IS one object of this Invention to provide novel chimeric genes coding for the polypeptide toxin produced 
by BadHus thuringiensis. or coding for a polypeptide toxin having substantial sequence homology to a toxin 
gene described herein. The chlmerte genes' plant regulatory sequences direct expression in transfbnned plant 

30 cells. 

Another object of present invention is to provide novel hybrid plasmid vectors containing said chimeric 
genes that allow the introduction and int^ration and expression of said chimeric genes in a plant cell genome. 

A further object of the present Inventran is to provide a process for preparing genetically transformed plant 
cells comprising the transformation of plant cells wfth said hybrid pla^k! vectors containing ^ild chimeric 
35 genes. 

Other objectives, features and advantages of the present invention win become apparent to those sidlled 
in the art from the following description talcen in conjunction with the accompanying dravrings. 

in accordance with the present invention, ttiere are provided: chimeric genes capable of being expressed 
in difTerentiated plant ceOs comprfeing: 
40 (a) a DNA fragment comprising a promoter region derived from a gene which is naturally expressed in a 

plant cell; and 

(b) at least one DNA fragment codoig for a polypeptide toxin produced by Bacillus thuringiensis or having 
sut>stantlal sequence homdc^ thereto. 

Said chimeric genes indude those where DNA fragment (b) codes for a Bt2 protein, an insectiddaOy active 
45 tmncated Bt2 protein, a DNA fragment having substanf^ sequence homdogy to Bt2 or the truncated Bt2, or 
where DNA fragment (b) is fused to a Di^ fragment (c) coding for an enzyme capable of being expr^sed in 
differentiated plant cells and permitting identification of plant cells expressing DNAfragment (b) where said DNA 
fragments (b) and (c) encode a fusion polypeptide. 

Al^ In accordance with the present invention there are provided; hybrid plasmid v&;tors comprising: 
50 (a) a DNA fragment substantially homdogous wfth that portion of a Tl plasmid essential for transfer of a 
Tnn^ion of a Ti plasntid to a plant cell genome (the virulence region of a Ti placid); 
(b) at least one DNA fragment which delineates a DNA fragment to be integrated Into a plant cell genome 
(the border sequences of the T-DNA portion of a TI plasmid; whm only one border sequence is present, 
preferably It is the right border sequence); and 
55 (c) at least one chimeric gene comprising: 

(0 a DNA fragment comprising a pnurotor r^ion derived from a gene which is naturally expressed in 
a plant ceO; and 

(B) at least one DNAfragment coding for a polypeptide toxin pr»fuced by Badflus ttiuringienis or at least 
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one DMA fragment having substantia] sequence homoiogy thereta 
Said chimeric genes include those where DMA fragment (b) axles feu* a Bt2 protein, an Ir^ecfiddaOy active 
truncated 6t2 protein, a DIMA fr^ntent having sut^stantial sequence homology to Bt2 or the truncated Bt2, or 
where DMA fragment (b) is fused to a DMA fragment (c) coding for an enzyme capable of t>eing expressed in 
difrerentiated plant cells and permitting identification of plant ceils expressing DNAfragment (b) where said DNA 
fragments (b) and (c) express a fusion polypeptide. 

Further, in accordance with the present invention, there are provided: inter m ed iate plasmid vectors con- 
taining at least one chim^ gene, said chimeric gene compridng: 

(a) a DNA fragment comprising a promoter region derived from a gene which naturally expressed in a 
plant cell; and 

(b) at least one DNA fragment coding for a polypeptide toxin produced by Badiius thuringlenls, or at least 
one Dl^ fragment having substantial s^uence homology thereto. 

Said diimeric genes include those where DNA fragment (b) codes for a Bt2 prote&i, an insedicidany acth^ 
tmncated Bt2 protein, a DNA fragment having substantial sequence hontology to Bt2 or the truncated Bt2, or 
where DNA fragment (b) is fused to a DNA fragment (c) coding for an enzyme capable of toeing expressed in 
differentiated plant cells and penmitting identification of plant cells expressing DNAfragment (b) where said DNA 
fragments (b) and (c) express a fusion polypeptide. 

Further, in accordance with the present invention, there are provided insectiddal compositions and 
methods of using tra nsfor med plant cells and their progeny. 

Stiirfurther in accordance with the present invention there are provided: plants which indudain their cells - 
genonte and express the chimeric gene as d^cribed above; and plant seeds which are capable of genminating 
into a plant whidi expresses the chimeric gene as described atsove. 

Transformed plant ceQs and their progeny intracellularty express a polypeptide toxin sutistantiaily similar 
to the polypeptide toxins produced by Bacillus thuringlenls and are substantially toxic to certain insects. Trans- 
formed plant cells and their progeny may be used In controlling said Insects. 

Brief Description of the Drawings 

Figure 1 is a photograph showing a 7.5% SDS PAGE stained vnth Coomassle Blue. 
30 Track 1: B.t iairstaki crystal protein preparation; 
Track 2: B.t berliner crystal protein preparation; 
Trade 3: Molecular weight maricers 
a: phosphorylase B (92,500 dalton); 
b: k}ovine serum albumin (66^00 dalton); 
35 cz ovalbumin (45,000 dalton); and 

d: carbonic anhydrase (31,000 dalton). 
Figure 2 is a schematic diagram of plasmid pEcoR251. The EcoRI endonudease gene (EndRI) is fused 
to the promoter (Pr) and contains a unique Bglll doning site. Amp: betariactamase gene. 

Figure 3 shows restriction en^me maps of the Inserts present in 4 brranunopositive partial Sau3A digest 
40 dones of B.t beriiner 1715 plasmid DNA doned in pEcoR251. 

Figure 4 is a photograph showing a 7.5% SDS PAGE stained with Coomassle Blue. 
Track 1: B.t kurstaki crystal protein preparation (Uentidal with F^ure 1, Track 1); 
Track 2: B.t beriiner crystal protein preparation (identical wfth Rgurs 1 , Track 2); 
Track 3: Total lysate of E^^ ooH K514 containing the Bt200 plamiid; and 
45 Track 4: Control (total lysate of E. ran K514 without BtZOO plasmid). 

ngureS Is a photograph showing the resulte of immunobtotUng experiment using a rabbit anti-B.t kurstaki 
crystal serum. 

Track 1: B.L beriiner crystal protein preparation; 
Track 2: B.t kurstaki orystal protein preparation; 
50 Track 3: Total lysate of E. cd[ K514 hartx^ng the pBt200 plasmid; and 
Trade 4: Contrd (total lysate of E. ooli }C514 without pBt200. 

FfaureO is a photograph showing the resulte of an {mmunot>lotting experiment using a rabbit anti-kurstaki 
crystal serum (A) and a rabbit anti-beriiner oystal serum (B). Part C shows a Coomassle staining of the 7.5% 
SDS PAGE after the blotting procedure (the same gel used for tdotting shown in Part A^. 
55 Track 1: Bt2 protein (purified as described in Sedion 5-1); 

Trade 2: B.t beriiner crystal proteins; and 

Track 3: B.t kurstaki oystal proteins. 

Figure 7 \s a photograph showing a Coon^tssie staining of an SDS PAGE. 
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Track 1 : Totally lysate of coli K514 harbmng pBt200; 

Track 2: Purified Bt2 protein prepared from the coli K514 harboring pBt200. 

RqureS Is a graph showing the remits of an EUSA experiment Binding curvra of Bt2 protein and solubn 
lized B.t crystal proteins using a goat anti-B.t crystal serum as goat-antibody and a mouse antl-Bt2 serum as 
5 first antibody. 

Ftaure9 Is a graph showing the results of an ELISA experiment showing reactivity of the different anti-ber- 
liner crystal monodonal antitxxiies with: 

(A) total berilner crystal proteins; and 

(B) purified Bt2 protein. 

10 FfaurelO shows a comparison of N-temninal amino actd sequences of the 1 30 crystal proteins: 

1) deuced from the DNA sequence publish^ by Wong et al., J. Bid, Chera 258, p. 1960-1967 (1983) 
(termed B.t W); 

2) determined for the Bt2 protein. 

Rgurell summarizes the immunological detection of polypeptides using Western blotting with a rabbit anti- 
cs B.t berilner oystal serum. Polypeptides are encoded by pBt200 derivatives containing various deletions gen- 
erated by restriction enzyme deavage as indicated in the figure. 

FtgurBl2 A - shows the restriction map of the Hpai-Ndel fragment containing the entire Bt2 gene indicated 
as a box. B - shows the ^quenced regions of the Bt2 gene. Boxes represent the stretches which have been 
sequenced from each strand. C - shows sequendng strat^y. Restriction fragments were end labeled witii 
20 pdynudeotide kinase, strand isdated and sequenced using the Maxam and Gilbert method. The arrows Indi- 
cate tfiVlength of^ 

FiqurB 13 shows the DNA sequence of the ccnnplete Bt2 gene indicating the open reading firame (position 

21 to 3G0Si and the corresponding deduced amino acid sequence (1 155 amino adds). The amino acid sequ- 
ence of tiie Bt2 protein which was experimentally determined is indicated by a line above the corresp nding 
25 amino adds. 

Rgure 14 shows a comparison of the deduced amino add sequences of the Bt2 gene (berilner) with the 
deduced sequences from three other B.t crystal protein genes, doned from other B.t strains: 
B.t kurstaki HD73 (Adang etal., Gene 36. p. 289, 1985) 
B.t kurstaki HD1 (schnepf etal., J.B.C. 20. p. 6264. 1985) 
30 B.t sotto (shibano et al.« Gene 34. p. 243, 1985) 

In the latter 3 sequences, only those amino adds are represented that differ from those present in the Bt2 
sequence at the honrK)logous position. Eventually, gaps were introduced (marked by " • in order to align tiie 
sequences. 

Figure 15 is a schematic outiine of the construction of the Bt2 gene cassette pHD160. 
35 Ffaure 16 is a schentatic representation of the different Bt2 gene cassettes. 

Rgureir shoAA^ the experimental strategy used for the consbuction of plasmid pLBIO. Also shown here 
is the strucbjre of plasmids pLJ<54 and pLK57. described in J. Bottemian et sd. (In preparation). 

Fkiure 18 shows the construction and structure of pLBKm25. 

Figure 19 shows the strategy used to constmct BtNPTII fusions and Bt2 deletions. 
40 Rgure 20 is a schematic representation of the different Bt2 3' end deletion mutants, used in the mapping 

of the 3' end of the minimal toxin encoding fragment Arrows represent the positions of the 3' ends. 

Ffaure 21 Is a photograph shomng the results of an immunoblotting experiment using a rabbit anti-t>eriiner 
crystal serum. Samples analyzed are total extracts from Bt2 deletion dones specified in Figure 20 and in Section 
7. 

45 Figure 22 shows the 3' end points of ddetion dones pLB834 and pLB879 on the Bt2 sequence, used to 

delineate the minimal gene fragment encoding an adive toxin. Also shown is the deduced amino add sequence 
and the (Misition of a putative trypsin deavage site. 

Figure 23 is a schen^tic representation of the constmction of tiie Bt2:NPT1l fusion gene cassettes 
pLBKm23, pLBKm33 and pI^Km14. Also represented are ttie 5' upstream sequences of tiie Bt2:NPTII fusions 
50 in the dWerent constructs (sequences corresponding to a BamHI site are underlined). 

Fkiure 24 is a schematic representatton of different BtNPTII fusion gene cassettes. 
Figure 25 is a photograph showing the results of a NPTII assay as described by Reiss et al. (Gene, 30, p. 
217, 1984). The samples analyze are the supematants of cell extracts of bacterial dones produdng NPTII or 
different Bt2-NPni fusion proteins. 
55 23 means K514 (lambda) (pLBKm23) 

860 means K514 (lambda) (ptBKim860) 
885 means K514 (lambda) (pLBKm885) 

NPT means HB101 (lambda dv) (a giftfrom Julian Davis, fonmeriy of Biogen) 
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Figure 26 shows the approxiniatB petitions of the 3' ends of the Bt sequences In dffferent deletions and 
BtNPTII fusions (indicate by arrows). 

Figure 27 shows the strata used for the adaptation of the Bt2 and the Bt2:NPTa c^settes for expr^sion 
tn plant cells. 

5 Ffaure28 shows the DNA sequences at the Junction t>etween the promotor regions and the coding sequ- 

ence of the Bt gene cassettes as they are present in the dHfmnt engineered Ti pla^nids. Sequences derived 
from the c^ina! pnumstor regions and from the coding sequence of the Bf2 gene are underiined. Some relevant 
restriction enzyme sites whteh have been involved in the msembty of the chimeric genes are indicated. The 
ATG inb'ation codon is boxed. 

10 Figure 29 Is a sdiematic representation of the construction of pHD208 as d^cribed in Section 8 Example 

Z 

B: BamHI, Hp: Hpal, H: Hindlii, E: EcoRI, Bg: Bglll. 
Ffejure 30 a schmatic representation of the construction of pGV831: p6V831 has been constmcted t>y 
R. Deblaere, Lab of Genetical Virology, Free University Brussels, Belg&im. it Is a derivative of pGV700, as des- 
IS cribed in European Patent Application No. 831 12985.3. Recombinant DNA techniques used fbOowed Maniatis 
et aL. Molecular aoning (1982). Cold Spring Harbor Laboratoiy. 

The Hindlll fragment present in pGWOO was subdoned into pGVSOO (Leemans et £d., J. MoLAppl. Genet. 
1, 149-164, 1981). Recombinant plasmid pGV742 was i^iated a& a CV^ Cm^ Tc^ recombinant An internal 
deletion was created in pGV742 by digestion with BamHI and redrculization. This produced pGV744. An inter- 
20 nal deletion was created in pGV744 by digestion with EooRi and redrculization to yield pGV749; The Hlndllf^ 
Nml fragment fnm pQy749vras cloned In pGyTIO. pGV710 had been digested with EcoRl, ttie 5^ protruding 
end fflled in using DIS[a polymerase and had been subsequently digested with Hindlll. The resulting plasmid 
pGV815 was isdated as a Sm>^, Cb>^ recombinant Both the EcoRI site and the Hindlll site of pGV815 were 
removed by digestion with the^ enzymes and by fOling in the protruding ends with DNA pdymerase, followed 
25 by redrculization. Finally, a chinteric gene containing the nopaline synthase promotor and the neomydn phos- 
fbtransferase gene from Tn5 was isdated bs a BdlBamHI fragmentfrom pKC7/:nos and was doned In the Bglll 
site fipom pGV825. The Sp^, Km^ recombinant plasmM p6V831 wra obtained. 

Figure 31 is a sdiematic representation of the T region of TT-plasm!d pGV3850 and of the intermediate vec- 
tor pHD205. The crossed lines Indicate the regions which were invdved in cointegrafion of pGV3850 witii 
30 PHD205 to produce pHDI 050. The T region of hybrid Tl plasmid pHDI 050 is represented. 
H: Hindlll 

Bt chimeric Bt2 gene under control of the nopaline synthase pnmotor 
nos: nopaline synthase gene 

Ap, Km: genes encoding amptcillin and kanamydn resistance 
35 Rgure 32 is a sdtematic representation of the T region of Ti plasmid pGV2260 and of the Intermedlat vec- 

tor PHD2QB, The cross^ lines indicate the regions whidi were invdved in colntegration of pGV2260 vrith 
pHD208 to produce pHD1076. The T-region of hybrid Ti-plasmid pHD1076 is represented. 
1: vector fragment 
2: T-DNA border region 
40 3: Bt2 gene cassette 

4z Pssu promoter fragment 
5i Pnos promotor firagment 
6: neomydn phosfofransferase gene cassette 
7: T-DNA t>order region 
45 8: vector fragment 

Blade triangles represent T-DNA border regions 
Ap, Sp, Km: gen^ encoding respectivdy ampicOiin* sp^nomydn and kanamydn nestetance 
Pnos: nopaline synthase promotor 

Pssu: srr^ subunttof ribulose biphosphate carboxylase promotor 
so B.t: Bt2 gene cassette 

Figure 33 shows ^ematte reppBsentations of the different intenmedtete expr^slon vectors. 
Figure 34 is a graph showing the results of an EUSA assay of tobacco caDus tissue transformed wfth C58C1 
RiP^ PHD1076. as described in Section 1 1 Example 1 . The coating antibody is goat antl-B.t crystal serunt Rab- 
bit anti-Bt2 Is used as first antibody. 
ss Numbers 1 to 14 are transformed callL 

The optical den^ (O.D.) corresponding to a level of 4 ng Bt2 protein per gram of ttesue, detennlned in a 
reconstruction expertaent. Is indicated in the figure. 

Figure 35 ts a graph showing the remits of an EUSA assay of tobacco callus tissue transfbmned wttii C58CI 
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Rff^ pHD1078, as described In Section 1 1 Example 1 . The coating antitxidy is goat anti-B.t crystal serum. Rab- 
bit anti-Bt2 senjm is used as first antibody. 
Numbers 1 to 21 are transfbnmed callL 

The OJ>. value corresponding to a level of 4 ng Bt2 protein per gram of tis^e, determined in a reconstnio- 
5 tion experinrtent, is indicated in the figure. 

Figure 36 is a graph showing the results of an EUSA assay of tobacco callus tissue transformed with C5 
saRif^ pHO1076, as described in Section 11.2. Example 1. Coating antit>ody Is goat antl-B.t crystal serum. 
DiffiBrent monodonal antibodies were used as first antibody. Reactivity with untransfbrmed SRI callus tissue 
(used as a negative oontrol) Is also shown. 
10 FigurB37 is a description of the experimental protocol used for the preparation of callus fesue extracts, 
used for the immunological detection of Bt2 expressed in tftis callus. 

Rgure38 is a graph showing the growth rate of 1st instarM. sexto larvae feeding on leaves finom transfor- 
med tobacco plants obtained as described in Section 1 0, Example 5. Open t^irs represent the number of larvae 
(on a total of 20 larvae tested) that went to the L2 stage after 3 days offering. 
15 FfaureSQ is a graph sliowing complete growth rate curves over a 4 day pertod. fbrM. sexta larvae fe ding 
on leaves of transformed tobacco (data are from same experiments as those represented in Rgure 38). The 
represented values are the numbers of larvae that were in the stage at a certain point in time (per plant, 20 
larvae were tested). C1-C4 are control plants (transformed with the Pnos-NPTIi gene only). The other numt>ers 
(1^20-1, ISI20-46) refer to individual plants putatively transfbnfned with pGSIHO. 
20 Rgure 40 shows theJDNAsequen»s ofthe P35S-.1and P35-2 promotorfragments derived from rauliflower 

mozaic vinjs C>n4-184 (Gardner et al., i98l" /Nud. Add Res.. 9, 2871-2888). 

Rgure 41 is a schematic representation of the construction of pGSHSO. ^ . . . 

Rgure 42 is a schematic representation of the construction of pGVISOO. 
Rgure 43 is a hematic representation of the construction of pGSHISO and pGSH151. 
^ Pfaure44 Is a schematic representation of the construction of pAGS007 from Pssu301 whQd type gene. 

As used herein, the term 'polypeptide' should be understood as meaning an intact protein orfiragment(s) 
thereof. 

'Planr should be understood as referring to a multicellular differentiated organism capable of photosyn- 
thesis induding angiospenms (nrionocots and dicots) and gymnosperms. *Plant cells' should be understood as 

30 referring to one or more cells derived from, a plant 'Plant cell progeny" should be understood as referring to 
any ceO or tissue derived from plant cells induding callus; plant parts such as stems, roots, fruits, leaves or 
flowers; plants; plant se^; pollen; and plant embryos. "Chimeric gene' should be understood as a hybrid DMA 
segment comprising a regulatory signal essential for transcription referred to as a promoter, fused to at least 
one structural gene sequence coding for a specific polypeptide. 'Sut>stantial sequence homology" should be 

35 understood as referring to either a DMA fragment having a nudeotide sequence suffidentiy similar to anottier 
DMA fragment to produce a protein having similar properties; or a polypeptide having an amino add sequence 
suffidentiy sfimDar to anottier polypeptide to exhibit simiar properties. Identification" should be understood as 
refiarring to selection or scoring of cells harboring and expressing the desired gene. Selectable markers penmit 
growtti (selection) under otiierwise lethal conditions such as tenamydn resistance (Km'O- Scorable martcers 

40 add an identif^ble trait (scoring) foreign to non-tranfbraned cells. "Naturally expressed gene" should be under- 
stood as meaning a DISIA fragment whether originally part of a planfs genome or introduced by agents such 
as bacteria or viruses which produces RNA. protein or both in the plant in the absence of human intervention. 

A chimeric gene may also indude a nontranstated DIMA fragment positioned on the 3' side (downstream) 
ofthe structural gene sequence, which in turn may indude a regulatory signal referred to as a polyadenylation 

45 signal preferably derived from a gene whidi is naturally expressed in plants. 

A naturally expressed gene indudes a 3' nontrar^ated region which in turn Indudes a polyadenylation sig- 
nal, botti of which code for Uie corresponding messenger RNA (mRNA) r^lons. These corresponding mRNA 
regions are located on the 3' side of a stop codon In a monoc'stronic mRNA. The 3' non-translated region of 
mRNA is believed to be invoh^ed in tiie processing, stabOity and/or transport of tiie mRNA. This 3' non4ranslated 

50 region of mRNA Is also believed to contain a sequence of bases, pdyadenylation signal, which is recognteed 
by an enzyme in the cell. This enzyme adds a substantial number of adenosine residues to the mRNA molecule 
to form a poly- A "taO" on the mRNA. 

GeneraDy. the process used to arrive at the present invention Is described in European Patent Application 
PubGcation Na 0116718 entiUed 'Process for the Introduction of Expressible Genes Into Plant Ceil Genomes 

55 and Agrobacterium Strains Canrying Hybrid Tl Plasmid Vectors Useftil for ttiis Process." Th introduction and 
integration of one or more chimeric genes coding for pdypeptid toxins produced by Bacfllus thurinqiensis or 
having substantial sequence homdogy to Bt2 (see F^ure 13) into a plant cell genome is achieved by: 

(1) isdation of atleastone DNA fragntent from Bacfllus thuringiensis coding fbra polypeptid toxin by dlges- 
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tion of bacterial DMA and inserting the mixture of DMA fragments obtained into a cloning vehicle harbored 
In a t^cterfal host; and 

(2) identification of bacterial dones haitoring DMA fragments coding for said polypeptide toxin; and 

(3) characterfzation of the structure of the DNA fragment coding forbid polypeptide toxin; and 
5 (4) removal of unwanted DNA sequences flanking the desired DNA fragment; or 

(5) synthesis of a DNA fragment having substantial sequence homdogy and exhibiting a simflar structure 
to a DNA fragment coding for Bt2; or 

(6) construction of a DNA fragment containing the DNAfragmentfrom (4) fused to a DNA fragment encoding 
an Identification polypeptide to produce a fiislon polypeptide; and 

10 (7) insertion of said DNA fragment from (4) or (5) or (6) into plasmid vectors under the control of plant regu- 
lator sequences hart>ored in a bacterial host; and 

(8) introduction of plasmids from (7) by conjugation (or mobilization) In a bacterial host hart)or1ng suitable 
helper plasmids; and 

(9) conjugation of bacterial dones from (8) to Agrobacterium tumefaclens hartx)ring an acceptor Tl plasmid 
IS vector; and 

(10) identification of Agrobacterium tumefadens which contain the desired chimeric gene; and 

(11) contacting plant cells witti Agrobacterium tumefadens finom (10); and 

(12) identification of transformed plant cells from appropriate culture media; and 

(13) immunological dete^on of Bt2 antigens present in extracts from transfonmed plant cells; and 
20 (14)~propagating traiisforrned plant cells to regenerate a differentiated plant 

, . . It is contemplated that doning vectors and bacterial host strains other tiian those described below in the^ ■ 
Examples can t>e used. Ti-based vedors like pGV3850 into which recombinant plasmids int^rate before trans- 
fer to plant cells are known as cis-lype vectors. There are also Ti-based vector systems in which the recom- 
binant plasmkls do not Integrate into the resident Ti plasmid or in which large portions of the naturally occurring 

25 Tl plasmid are deleted. These binary-type systems, Hoekema et al., Nature, Vol. 303, 179 (1983), or mlni-Ti 
plasmids, Framond et al., Biotechndogy. Vol. 1 , 262 (1 983), have also been shown to introduce DNA into plant 
cells. These plasmids contain a border sequence (at least one, preferably two) flanking the gene to be intro- 
duced into plants. A marker which is selectable or scorable in plant ceils is useful but not essential. Such plas- 
mids are capable of autonomous replication In A tumefadens and need not integrate into a resident Ti plasmid. 

30 Virulence functions needed to effect transfer to DNA, such as the chimeric genes of the present Invention, to 
plant cells can be provided in trans. Hoekema et al.. Nature. Vol. 303, 179 (1983). See alra Fraley, R.T. et al., 
Biotechndogv. Vd. 3, 629 (1985); and Klee et al., Biotechnology, Vol. 3, 637 (1985). 

A tumefadens is not the only means of Introdudng genes into plants. DNA can be introduced by physical 
means sudi as electroporation or chemical means such as polyethylene glycol (PEG)fusk>n. It Is believed any 

35 technique which introduces DNA. such as the chimeric genes of the present invention, can be used. Further, 
RNA viral vectors which introduce an RNA copy of an insectiddal chimeric gene may also be used. 

Further, plasmid vectors containing plant regulatory sequences other than those descrit>ed below in the 
Examples can be used. For example, enhancers can be induded before, or after, or in such proximity to the 
chimeric gene to exert their function. 

40 Plant celts transfonmed with the novel plasmid vectors of the present invention may then be cultured on 

suitable medium, preferably sdectable growtti medium, and plants which express the polypeptide toxin may 
be regenerated from the resulting callus. Sut}sequent generatbns of plant cells and their progeny should also 
exhibit expression of tfie polypeptide toxin. 

Transformed plant ceils and their progeny should express a polypeptide toxin substantially simQar to 

45 polypeptide toxins being produced by Badllus thuringtensls or a DNA fragment having substantial sequence 
homology to Bt2. 

The present invention contemplates that the hybrid plasmid transfbnnation vectors may be used to develop 
plant cdls and their progeny exhibiting insect resistant properties. It is contemplated that plants, particulariy 
dicotyledonous plants, ottier than those de^bed below in the examples can be transformed such as cotton, 

so sugarbeet, soybean, rape and vegetables such as cabbage, lettuce and beans. Transformed plant cells and 
tiielr progeny are protected against certain insect pests by expressing an insect controlling amount of polypep- 
tide toxin. By controlling amount is meant a toxic (lethal) or combative (^lethal) amount of polypeptide toxin. 
In general In this description th words controlling and oomt^ting are used Inter-changeably and no d'^tinction 
Is intended except where, from the context, it is dear that a differentiation between a lethal and non-lethal dose 

55 ts Intended to be drawn. The transfonmed plants should be morphdogically nonmal and may be cultivated In 
their usual manner for consumption and/or production of products. Further, said transformed plants should sut>- 
stantially reduce the need for chemical or bidcqical insectiddes directed towrard ccmibatting Lepldoptera and 
Coleoptera larvae. Since ttie genes coding for the polypeptide toxin are stably integrated in the plant cell 
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genome and are thus heritabld. se^ obtained from raid transfonnned plants should also produce plants exp- 
res^ng the polypeptide toxin at substanttedly the same level and thereby al^ be protects against certain insect 
pests. 

In addition, it is contemplated that transfbmied plant cells and their progeny could be used to control certain 
5 insect pests by applying to th pests and/OTthe habSat of said pests (Le.,th locustob protected, for example, 
to a growing crop or to an area where a crop to l>e grown) an effective (controlling) amount of transfwmed 
plant matter alone or together wtth ottier components. 

By way of example, but not limitation, tr an ^ ta nmed plant cells and their progeny could be used alon or as 
one component in a fcmnulation or compositim. F=Qr practical applications, plant ceils and their pn^eny could 
10 be used as the active materia] as a solid cani^ in conventtonal pestickle compositions and fcHrmilations. 
Su^ compositions and fbnnulations may aim contain adjuvants such as surfactants and stabflizers. Examples 
of such composition and ftmnulations include pastes, dusting powders, wettable powders, granules, baits and 
aerosol compositions. 

Compositions and fbmiulaHons are prepared in a known manner. The amount of transfomned plant matter 
IS to be used depends on a variety of fectors, for example, the kind of pest, the fonnrtulation or composition used, 
ttie state of the crop infected with the pest and the prevailing weather conditions. In general, transformed plant 
cdls and their progeny nrtay constitute freHnatK)ut0.1 to about 100% by weight of the composition orformulation 
and preferably frcHnatKXit 1.0 to about 99% by weight 

iOunvn insecfictdal, fimgiddal, biradal, herbiddal and fiBrtilizer compounds and compositions compatible 
20 vnih the pdypeptide toxins may be included as components in the at)ove described composittons and fonmu- 
lations to provide additional t>en6fits and advantages. 

..^ In practice, certain Lepidoptera or Coleoptm larvae attempt to feed on transfonne^ 

of transformed plant matter is Ingested. The ingested matter is processed in the insect midgut yielding the active 

polypeptide toxin which acts on the midgut cell membrane to kill or inhibit growth of the pest 

25 Also in practice, when used alone or as one component in a formulation or composition, certain Lepidoptera 

and/or Coleoptera larva attempt to fe^ on plants treated with said formulations or compositions. A small 
amount of treated plant matter is ingests The ingested matter containing the formulation or composition is 
processed in the in^ct midgut yielding the pdypeptide toxin which acts on the midgut cell membrane to kni or 
intiibit growth of the pest 

30 Engineering of the present invention was generally accomplished as follows: 

1 . Isolation and preparation of antit>odles spe^c for B.t crystal polypeptides 

A. Isolation of Badllus thuringiensis (B.t) crystal polypeptides 

B. Preparation of antibodies (poiydonal and monoclonal) against B.t crystal polypeptkles 

2. Preparations of B.t Gene Bank 

35 A. Preparation of total DNA or plasmid DMA from B.t, preferably plasmkl DNA 

B. Partial digestion of the purified DNA witii a suttable restriction enzyme 

C. aoning DNA fragments into a suitable E ooli pla^d expresston vector 

3. Isolation of recombinant plasmids containing B.t polypeptide genes 

A Screening of ttie tran^brmed E. odi cdls with anti-B.t crystal protein serum 
40 B. Identification and Isolation of bacterial dones expressing the polypeptide 

4. Characterization of Bt2 protein 

A. Purification of the polypeptide encoded by the doned B.t gene 

B. Testing to confirm ttiat pdypeptide expressed by dones is immunologically the rame as B.t crystal 
polypeptide 

45 C. Testing to confirm that pdypeptide expressed by dones is insectiddal 

5. Mapping and sut>doning of Bt2, Including restriction enzyme analysis, subdoning and DI^IA sequ nee 
determination 

6. Construction of toxin gene cassette including removal of undeslred flanking ATG triplets preceding th 
initiator ATG and addition of suitable restriction enzyme deavage stes using synthetic digonudeotid lirv 

50 kers 

7. Construction of Intermediate Vectors 

8. Construction of Hybrkl Tl Plasmids 

9. Engineering of Plante 

A identffication of transfcumed plant tissues produdng the toxin using ttie immunoassays and quanti- 
55 fication of ttie toxin tevds prcxluced 

B. Regeneratfon of plante from ttesues 

10. D^ection of Bt2 toxin in engineered plante 

11. Determin toxtetty of engineer^ plante toward insecte 
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Otfferent types of ^limeric genes (promotor-gene fusions), have been used to geneticalfy tr ans fo i m plant 
cells, and bastcaHy 3 different types of plant specific promoters can be distinguished: 

Promoters: 

5 

1. Tl plasmid derive promotors (Pnos, PTR at times referred to herein as PTR2) 

2. Plant pnontotors (Pssu pea, PssuSOl) 

3. Plant vims promotors (P35S frcnn caulfflower mozalc virus) 

10 Types of chimeric genes: 
LType I: 

Straight pronwtor-gene fusions in which the entire Bt2 coding sequence is inserted t>ehind the pramotor 
fragment Examples are: Pnos-Bt2 (pHD1050, pHD1060), Pssu pea-Bt2 (pHD1076), PTR2-Bt2 
15 (PGS1161). Pssu301-Bt2 (pGS1181), P35S-1-Bt2 {pGS1261), P35S-2-Bt2 (pGS1271). Some of the con- 

structs do not contain the intact 5' untranslated region of the original transcript (Pnos, Pssu pea), but others 
do (PTR. Pssu301). 

2, Type II: 

Chimeric Pssu-Tp-Bt2 gene fusion tn which the Bt2 gene is fiised to the transit peptide (Tp) sequence of 
20 the small subunit of RuBisco and expressed under the control of the Pssu promotor. in this case a fusion 
protein prefsrabiy is m^dejram natural translation initiation signal of ttie ssu gene. Van Den Broeck et 
ai. (19S^ d^nbhstated tte^t^ of the bacteriaJ NPTII protein Into plant chioroplasts using a fusion 
between the transit peptide of the ssu of RuBisco and the NPTII coding region. In view of these results, 
we constructed the chimeric gene Pssu- Tp:Bt2. Both the Pssu promotor and the transit peptide (Tp) firag- 
25 ment were derived from the pea gene used by Van Den Broedc et al. (1985). The DNA sequence at the 
Junction site is shown in Rgure 28. It is worth mentioning that the original 5' untranslated region of the pea 
nvRNA is maintained In Pssu-Tp:Bt2, so that the chimeric gene is translated from the genuine ^u trans- 
lation initiation site (pHD1080). 

3. Type 111: 

30 Stra^ht promotor-gene fusions in which only part of the Bt2 coding sequence Is used (^nested Bt2")* 
Fragments of the Bt2 sequence stai encoding an active toxin are inserted behind the plant specific pronrv 
otors: The toxic polypeptides produced in the plant cells using these constnjcts should have biological and 
biophysical properties distinct from the intact Bt2 protein such as specific toxic activHy or solubility. 
Examples: pGS1162, pGS1163, p6S1262. 

35 4. Type IV: 

Stra^ht pnunotor-gene fusions in which a BtNPTII fusion gene (also referred to at times at Bt2:NPTII) is 
inserted behind the promotor. Fusion genes were constructed, consisting of a fragment of the Bt2 coding 
sequence (stni encoding an ac^e toxin) fused to the coding sequence of the NPTII enzyme. The BtNPTII 
fusion genes used here, spedfy stable fusion proteins comprising amino terminal parts of the Bt2 protein 
40 fused to an intact Neomycin phosphotransferase (NTPII) enzyme. These fusion proteins have a specific 

toxicity comparable to the intact Bt2 protein and retain neomycin phosphotransferase enzyme activity. 
Thus, expression of the BtNPTII fusion proteins in plant cells allows direct selection fCM- the production of 
this protein Isolating Kanamydn resistant (Km^ transfonmed ceils. Furthermore, the level of Km^ should 
be directfy oonrelat^ to the anK)unt of protein synthesized. Thus, sdection of plants resistant to a high level 
45 of Kanamydn should identify, ewong aD possible transformations, those which produce high levels of the 
\07dc fusion protein. Further, expression of the fusion protein by a BtNPTII fusion gene might have other 
desirable propertira ^ch as stability in plant cells; for example, mRNA may be nK>re stable. Differences 
in results obtained with these Type IV fusion genra might be due to infainsic differences in the properties 
of the fusion protein expressed as compared to the intact Bt2 protein. 
50 Examples: pGS1110, pGS1151, pGS1152. pGS1171, pGS1251, pGS1253. pGS1281. 

Altemative constructions of the desired transfonmation vectors desoibed herein are also contemplated. For 
example, plant specific exogenous promotore other than those disclosed herein may be used. The use of a 
different exogenous prontotor sequence may be useful for directing expression f the inserted exogenous DNA 
in a regulated fashion. Examples of other types of regulation which may be used Include tissue-specific exp- 
65 ression (leaves, roots, stems or fiowere); and indudble expression (temperature, light or diemlcal factore). 
AddMonally. given the DNA sequence data coding for the polypeptide endotoxins produced by Bacillus thur^ 
noiensis. a tran^rmation vector could be constructed containing an arttficlally created DNA fragment substan- 
tially similar to fite Bt2 DNA fragment described herein. This artificlaily created DNA fragment could then be 
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used to transform plants In sut>stantially the same manner as descnbed herein. 

The following examples are offered by way of Dlustration and should not be construed as tfmrling the scope 
of the present invention. 

5 EXPERIMENTAL 

1, Iscrfation of Badllus thuringiensls (B.t) crystal proteins 

Crystals were isolated and purified finom spore imparations of strains B.t berliner 1715 (received from Dr. 

10 A. Kller, EMBO J. 1, Na 7. p. 791-799, 1982) and B,L var. kurstaW, (J. Bacterid. 145. No. 2, p. 1052. 1981) 
as described by Mahlllon and Delcour (J. Microbiol. Meth., Vol. 3, No. 2. p. 69-76. 1984). The crystal proteins 
were solubOized by incubating the purifi^ oystals at 37"^ for 2 h In 0.2 M thioglycolate. 0.1 M NaHQs pH 9.5, 
whereafter the Insoluble material was removed by low speed centrifugation. This procedure solubDizes more 
than 80% of the proteins present in the cr^tals. SoIubDized crystal proteins were analyzed on 7.5% sodium 

IS dodecyl sulfete polyacrylamide gel (SDS PAGE). The aystal protein preparation from Bt berilner contained at 
lea^ two major protein species in the high molecular weight region (apparent MW of 140 and 130 Kd) and a 
less atnindant protein of about 120 Kd, as revealed by staining the gels with Coomassie brilliant blue (Rgure 
1). The sdubOized crystal proteins of strain kurstaki showed one major 130 Kd protein band and a weaker 60 
Kd band (Rgure 1). 

^ ^ These sdubiloed crystal proteins exhibited a strong toxic activitytowards third instar larvae of ttie cabt>age 
buttorfiy Pierfe txrcBSsicae (L.D. 50 ralues of OS ng/larva for kurstaki and 0.65 ng/iarva for beriln^) using ih 
toxicHy assay described In sectbn 5.2 below. - , ^ . . 

2. Preparation of antibodies specific for B.t crystal proteins 

25 

2.1 Polyclonal antisera 

Antisera against B.t crystal proteins (beriiner 1715 and kurstaki) were prepared separately In rabbits and 
mice. Antiserum against B.t crystal proteins (kuretaki) prepared in goat was receh^ed courtesy of Dr. L Bulla, 

30 Unh^ersity of Idaho. To the best of applicanTs knowledge and belief, tiie antiserum was prepared by known pro- 
cedures sut>stantiaQy simQar to those descril>ed for rabbit and mou%. 

Rabbits were injected subcutaneoudy with 0.5 mg of a soIubQized crystal protein preparation (.25 ntl dted- 
ysed qagainst PBS pH 7.4) mbced vrith an equal volume of complete Freund*s adjuvant (CPA). After three 
months, ttie rabbits received another Injection of the same type of preparation, and ttiree weeks later blood 

35 ^mples were taken. BALBc mice were injected Intraperitoneally with 1 00 ug of crystal protein solution, mbc^ 
with CPA (1/1 vd.). Four to sbc weete later ttiey received a booster injecfa'on of 50 ug aystal protein PBS. and 
four days later blood samples were taken. Antigen reactivity of the sera was confirmed by immunodifluskin t^ts 
(Ouchteriony assay). A strong crossreac^n behveen beriiner 1715 and kursteki aystal protein preparations 
was observed, indicating that they contained antigenicaily related componente. 

40 Some of the mice were sacrificed and the spleens removed asceptically for cell fusion experimente (see 

2.2). 

2.2 Monoclonal antibodies 

45 Although not essential fa* the identification of toxin expressing clones as described herein, hybridomas pro- 
ducing monoclonal antltxxjies against B.t crystal proteins were generated following the procedure originally 
described by Koehler and Miistein (Nature 256: 495-497, 1975). Monoclonal antibodies were used as an 
addftktnal and more specific means of detemnining toxin presence in bacterial clones and plant cells. 

Spleen cells finom immunized BALBc mice (see 2.1) were fused with the SP2/0 myeloma cell line (Shulman, 

50 M. etal.. Nature 276. p. 269, 1978). Cells were plated at 3.1 0^ per well in mtorotiter plates and 10-14 days later 
the supematente were screened fbr the presence of anti-crystal protein antibodies using an enzyme immuno 
assay (Engvali and Pesce. Scand. J. Immunol., suppl. 7, 1978) with alkaline phosphatase labelled goat anti- 
mouse immunoglobulin as the second antibody (Sigma, A-5153). Approximately 4% of the wells were positive 
for the antigen (crystal protein). Positive dones were subdoned twice by limiting dilution. Positive subdones 

65 were selected, grown up and their culture supematante contelning the monodonai antibodies were collected. 
A total number of 17 hybridoma cell lines produdng monodonai antibodies reac^e with B.t beriiner crystal 
proteins were generated. 
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3. Construction of a gene bank fipom plasmid DMA of B.t strain b&Mn&r 1715 

Kronstad et al., J, Bacteriol., 54, p. 419-428 (1983) re|X>rted that B.t b^iner 1715 contains two reiated 
toxin genes which are both located on plasmids. Intact endotoxin genes were i^lated from a gene bank from 

5 total B.t beillner 1715 plasmid D^4A using partial Sau3A digests of plasmid DMA. B.t beriiner 1715 cells were 
grown In LB medium (Miller, Experiments in molecular Genetics. (1972), Cold Spring Hart>or Lat>ofatory, New 
Yori^ ovemtght at 37''C. Plasmid DNA was Isolate firom B.t twiner 1715 using the denaturation-renaturatlon 
method described by Kronstad et al., J. Bactenol,. 54, p. 41 9-428 (1983). Analysis of the plasmkl DNA on 0.5% 
agarose gels revealed that this plasmid DNA preparation contained several diffierent plasmid species present 

10 in different molar concentrations. To construct the gene bank thirty ug of plasmid DNA was partially digested 
with SauSA at 37**C in a total volume of 500 ul. 1 00 ul samples were taken after respecthrety 10, 20, 30, 45 and 
80 minutes of incubation and phenol-chloroform extracted. The Sau3A digested DNA was size fractionated on 
a 10 to 40% sucrose gradient, and the size of the DNA fragments in the different fractions was estimated on a 
0.8% agarose gel. The fractions containing DI^ in the 6-10 Kb size range were pooled and ligated to Bglll 

IS digested pEcoR251 vector DNA. The pEcoR251 plasmid is a derivative of picsmid pBR322 in which the Eco- 
Rl-Puvll fragment has t>een replaced t>y a chimeric EcoRl endonudease gene which is fused to a Pr promotor 
fragment derived from plasmid pLK5 (Zabeau and Stanley, EMBO Joumal, 1, 1217-1224 (1982)) as depicted 
in Figure Z The pEcoR251 contains a unique Bglll site in the EcoRI endonudease gene, where insertion will 
inacthrate the gene. The pEcoR251 vector is a suicide vectra* similar to the positWe-selection doning vehide 

20 pSCC31 desoibed by Cheng and Modrich (J. Bacterid. 154, 1005-1008, 1983). Sau3A DNA fragments were 
ligated into Bglll digested pEcoR25L Recombinant plasmids were selected by transforming the ligation mix into 
competent E. coli K514 cells (Colson et al.. Genetics 52, p. 1043-1050, 1965) as described by Dagert and 
Ehriich, Gene 8 (1980), 23-28. Cells wm plated on LB medium (miller. Experiments in Molecular Genetics 
(1972), Cold Spring Hart>or LatMsratory, New York), supplemented with ampicSlin (100 ug/ml). 

25 Several gene banks were constructed each containing between 800 and 1500 recombinant dones. 
Analysis of the recombinant plasmids present in 1 2 randomly chosen dones confirmed that in each gene bank 
at least 10 out of the 12 dones contained inserted fragments with sizes ranging from 5 to 15 Kb. 

4. Isolation of recombinant plaanids containing B.t crystal protein genes 

30 

The colonies of the gene bank were screened for bacteria produdng crystal proteins using a rabbit serum 
raised against purified B.t beriiner crystal proteins (see Section 2.1 above). The procedures used are slightiy 
modified from Helfman et al., (PNAS 80: 31 -35 1 983). Bacterial cdonies, grown on 1 50 mm square Petri dishes, 
were replica plated on nitrocellulose sheets (Schleicher & Schuell, 0.45 um, 401196). Sheets were soaked in 

35 0.1 M NaOH until colonies lysed. The sheets were then air dried, washed In phosphate buffered saline (PBS) 
pH 7.4 for 30 minutes and incubated overnight at 4^C or for 2 hours at room temperature with gentie agitation 
in PBS containing 1% crude ovalbumine (Sigma, A-5253). Nitrocellulose sheets were rinsed in PBS and incu- 
bated for 2 hours in rabbit anti-(»ystal serum diluted in PBS, 1% ovalbumin, 0.2% Triton X-100. at room tem- 
perature with gentie agitation. After additional washing the sheets were incubated with peroxidase-labeied goat 

40 anti-rabbit antitx)dtes (Sigma, A-61 54) (2 hours at room temperature). After extensive washing with PBS/0.2% 
Triton, the sheets were reacted with substrate solution (substrate was 4-diloro-1-naphtol, Sigma, C-8890). 
Positive colonies developed as dark blue dots. Using serial dnutions of purified crystal protein solution, the 
detection limit of this test was estimated to be 1-10 ng protein/ml. In total, 4 different ^nmunopositive dones 
were isolated from a gene bank of 1250 dones. Plasmid DNA was prepared from each done following the pro- 

45 cedure of Zabeau and Stanley, EMBO J.. 1, 1217-1224, 1982. Primary restriction maps were constructed by 
performing single and simultaneous restriction enzyme digestions. Contparison of the restrictfon maps for the 
enzymes EcoRI, EcoRV, BamHI, SacI, MIul and Psti (See Rgure 3) revealed that all 4 plasmids carried DNA 
fragments of different sizes which showed a dear region of overlap. These results show that the Bt2 gene must 
be encoded by a 4.2 Kb region common in the 4 different recombinant plasmids. Forfiirther study we subdoned 

so a 7.5 Kb BamHI-Pstf fragment from done B12 (see Rguro 3) Into the pl^mkl PUC8 (J. Viera and J. Messing, 
Gene. 19, p. 259-268, 1982) and this recombinant plasmid was termed pBt200. 

5. Characterization f the Bt2 protein 

55 5.1 Identification of a 130 i^ crystal protein encoded by pBt200 

The E. coil strain K514 containing the pBt200 plasmid (see Section 4), showed a strong positive reaction 
in the colony assay. This was further confirmed using an enzyme linked immune sorbent assay (EUSA) (Engvall 
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& Pesca, 1978, Scand, J. limminoL. Supp!. 7). For the ELISAscreening the following pro(»iure was u^: Rexi- 
trie polyvinyl micfotiter plates, coated wfth goat anfi-Bt crystal protein antibodies, vf&e Incubate with lysate 
of bacterial colonies (lysates were obtained by freeze-thawing pelleted oeOs, followed by tnciit>ation in 0.1 M 
NaOH for 15 minutes, and subsequent neutralization with 0.1 M HCi). Alter washing, a diluted rabbit orntouse 

5 anthB.t crystal protein senim was added. Aft^ 1-2 hours incubation, plates were washed and incubated mth 
rabbit or nKuise anti-B.t crystal serum (approj^'ateiy dDuted). After 1-2 h incubation, plates were wash^ and 
incubated with grat anti-rabbit or anti-mouse IgG antibcxiies, aikallne phosphatase labeled (Sigma A^Q25, A- 
51 53). After Incubation and washing the aibstrate (p-nftro phenyl phosphate, Sigma. 1 04-1 05) was added and 
the reaction monitor^ by meaanfng optical dens^ (O J).) at 405 nm. Detedion iintit of the t^t for purified 

10 solubOized crystal prcdein was estimated to be in the range of 0.1-1 nofmL 

Total cdi protein extract ofE. coii strains harborir^ pBt200 were analyzed on SDS PAGE. An intense new 
protdn band was visible In the high molecular weight range, corresponding to a M.W. of about 130 Kd. This 
band was not present in K514 cells containing the pUC8 vector plasmkt without insert This new protein also 
com^rated on SDS PAGE with one of the nt^or cry^ proteins of B.t beriiner and with the major cry^ protein 

15 of Bt kurstaki (^e Figure 4). The relationship of this protein, which was tenned Bt2, with B.t crystal proteins 
was confirmed tiy immunoblotting. Western trotting experiments were carried out using t>oth rabbit anti-Bt kur- 
staki crystal serum and rabbit anti-Bt beriiner crystal serum. Strong reac^on of the Bt2 protein with tK>th antisera 
was otjserved (see Figures 5 and 6). 

These results demonstrate that the doned Bt2 gene codes for one of the oystal proteins of B.t beriiner 
which is immunplogicaily related to the 130Kd cry^^protein of B.t kurstaki. . . . . , , 

The amount of positively reac^ng material in bacterial extracts was quanthated using an EUSA assay. 
Using purified crystal protein as a standard, the amount of crystal protein produced in ^ hart>oring pBt200 
was estimated to be in the range of 5-10% of the total cdi protein content The estimate agrees well with the 
observed intercity of the band the Bt2 protein band on SDS PAGE after staining with Coomassie blue* To further 

25 characterize the 1 30Kd protein encoded by the pBt200 placid (tenmed Bt2 protein) we developed a rapid puri- 
fication procedure, taking advantage of the relative insolublfrty of the protein. 5 g cells obtained from a 2 litre 
overnight culture of K514 (pBt200) were resuspended in 50 ml 50 mM TRIS pH 7.9, 50 mM EDTA. 1 5% sucrose, 
treated with lyso^me (100 ug/ml), sonicated (30 minutes at 400 watts In a tabsonic 1510), mixed with 200 ml 
of PBS, pH 7 containing 2% Triton X100 and incubated for 30 min. on ice. The lysate was centrifiiged at 15000 

30 g and the supernatant was discard^. The pellet containing the Bt2 protein was resuspended in the &me buffer 
and the procedure was repeated. Whereafter the pellet was washed twice w^ 200 ml PBS. To solubiTize the 
Bt2 protein the pellet was resuspended in 50 ml extracfion buffer 0.2 N thioglycolate and 0.1 m NaHCOa, pH 
9.5 for 2 hr. at ST'C, An effident (>90%) and selective solubilization of Bt2 protein was obtained in this way 
(figure 7). 

35 Th^e semi-purified protein preparations were used for further studies. Antisera were raised against Bt2 
protein in rabbits and mice using a simOar immunization protocol as described in Sectk>n Z1. These antisera 
reacted equally well with solubOized crystal proteins from B.t beriiner and kurstaki as with Bt2 itself, in the EUSA 
assay descrit>ed above (F^ure 8 shows results with the nrwuse serum). 

A SimOar positive reaction was ol>served using antibodies purified, finom anti-Bt crystal serum, by affinity 

40 chromatography on an immunoadsorbent of Bt2 (Bt2 protein coupled onto GNBr activated Sepharose 4B, Phar- 
macy). Th»e antibodies also reacted in Western blotting witti a 130Kd protein present in both B.t beriiner 
and kurstaki crystals. 

Finally, in the EUSA, 9 out of the 17 monodonal antibodies raised against total B.t t^eriiner crystal proteins, 
were also reactive witii ttie Bt2 protein. (Code numbers: 1F6, 167, 4D6, 4F3, 8G10, 1 0E3, 1 .7, 4.8, C73) (Rgure 
45 9). The same 9 antibodies were also reactive witti B.t kurstaki crystal proteins. 

In general botii the Bt2 protein and the major 130 Kd crystal proteins from B.t require alkaline pH and the 
presence of redudng reagents for complete soiubOization. Also they both procipitate at pH 4-5. 

Thus, the cloned gene product Bt2 exhibits biochemical properties simDar to those of the major 130 Kd 
crystal protein from B.t beriiner and B.t kurstaki and is immunologically related to these crystal proteins. 
50 The Bt2 protein was purifted further by DEAE-ion exchange chrontatography and by Sephacryl gel fOtration. 
The amlno^enminal sequence of this purified protein was detenmlned wfth the use of a gas-phase sequencer 
(Applied Btosystems), operated acconilng to Hewlck et al., J. Biol. Chem., 256, 7990-7997, 1981). 

The sequence of the first 20 N-tmninal amino adds was found to be sutistantially identical to the isMerminal 
sequence deduced finom the DNA sequence of a doned B.t kurstaki gene, Wong et al., J. Bid. Chem.. 258 
65 (3), 1980-1967 (1983) (Ffeure 10). 
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5J2 rnsectToxIcfty of the Bt2 protein 

Crystals from B.t are known to be pafticulaity toxic against larvae of certain Lepidoptera species. In order 
to test whether Bt2 protdn exhibited a slmnar toxic at^ivify, toxicfty tests were perfbnned n larvae of ttte cat>- 
5 bage butterfly Pieris brassicae. Protein solutions of known concentration, ^pressed as ppm (1 ppm - 1 ugAnl) 
were serially dOut^ in water. SmaD di^ (0.25 cm^) were cut from fresh cabbage leaves and on each disc 5ul 
of a test solution was applied. Discs were air dried and eac^ dtec was placed in a v^ containing one larva. 
Third Instar larvae were obtained from a synchronized culture of P. brasslcaa During a 1 0 h period before nrtoult- 
Ing, these larvae were incut>ated in separate vials in the absence of ftxxi. Imm&liately after moulting th^ were 
10 given one leaf disc. When the first disc was oonsunted, the larva was offered a fresh di^ without sample. For 
each sample dOution, 50 larvae were te^ed. Feeding and viability were monitored every 24 h up to 120 h. As 
can be seen from Table 1 . Bt2 sample preparattons exhibited simDar degrees of toxidty fcH* P. brassicae larvae 
as ^ubQized crystals from B.L berliner 1715. 

To test the effiect of sublethal doses of Bt2 toxin on the growth of P. brassicae larvae, the following exper- 
ts imental design vms used: cabtiage leaves were dipped in a solution containing a known concentration of Bt2 
protein (0.01-1 ppm) and dried. Groups of 100 third instar larvae (from synchronized cultures) vi&B fed on Bt2 
coat^ leaves. The leaves were regularty replaced by new leaves treated in the sanrte way. Growth of tfte larvae 
was followed over a period of seven days, which corresponds to the time period needed to develop from 3rd 
to 5th Instar. As can be seen from the results pre^nted in Table 2 the Bt2 protein induced a significant growth 
20 inhibition in P. brassicae larvae at doses that were sublethal. Growth Inhibitton was evident at a concentration — 
of 0.01 ppm which corresponded to 2.67 ng protein/gram leaf. During the first 48 h the larvae feeing on leaves 
cbated with 0.01 ppm ate 3.6 cm? of leaf '(^ 

this time. 03% of the larvae were st3l in the L3 s^e while only 33% of the contrcri larvae were in this stage. 
Thus an inhibitory effect on growth can be ot)senred with toxin doses that are sign ffican^ below the LD50 values 

25 (1 .65 ng/larva, see Table 1). 

These results indicate which levels of Bt2 protein synthesis must be reached in transformed plant cells in 
order to express insect resistance against P. brassicae. A level of Z7 ng Bt2 protein/g tissue is sufficient to 
retard the growth of the larvae. This might already be adequate as such to halt a devastating spread of the 
larvae in the field. Toxicify as^ys with Bt2 protein were also performed on larvae of the Tobacco Homwomn, 

30 (Manducasexta) . As shown In Table 3, Bt2 protein is slightly more toxic than total beriiner crystal proteins (1 00% 
mortality at 1Z5 ng/cm^). in addition, significant growth inhibition is observed at sublethal doses (Z5 ng/cm^): 
4.4 mg body weight after 7 days, as compared to 30.5 mg for control lanrae. Due to the fact that Manduca is 
fed on an artificial diet, (ref: Bell, R. A. & Joachim, F. G. (1976) Ann. Entomol. Soc Am., 69: 365-373), results 
are pressed somewhat differently, namely as ng toxin applied per cm^ of agar medium. 

3S 

6. Charactsrfzation of the Bt2 gene 

To locate the Bt2 toxin gene on the 7.2 Kb BamHI-PstI fragment of the pBt200 pl^mkl a series of deletions 
were made in the 7.2 Kb Dl^ fragment with respectively Hpal, Kpnl and Ibal. The proteins encoded by these 

40 deletion plasmids were analyzed bnmunologicaliy, using the EUSA technique and Wratem blotting (also refer- 
red herein to as immunoblotting) (Towbin et al., PNAS. USA, 76: 4350-4354, 1979 and Bumette, W. N. An. 
Biochemistrv. 112. p. 195-203, 1981). 

The results (diagrammed in Figure 11) can be sunvnartzed as follows: (1) Deletion of the Hpal fragment 
results in the synthesis of an intact Bt2 protein at a lower level. This finding indicates that the deletion only affects 

4S the r^latory region but not the structural part of the gene. (2) Deletion of the Kpn fragment results in a 
approximately 70 Kd protein fragment stOI detectable by immunoblotting. (3) The Xba deletions doser to the 
6^ end do not ghra rise to protein fragments detectable 1^ Western blotting procedure. These results show that 
the intact gene encoding ttie 130 Kd pntoin is located on a 4.3 Kb Hpal-PstI fragment (see Rgure 1 1). To deter- 
mine the prec^e sbucture of the Bt2 gene, the complete nucleotide sequence of the 4,060 bsse pairs (bp) Hpal- 

60 Ndel fragment was determine by the Maxam and GObert ^quendng method. The sequencing strat^y used 
is diagrammed in Rgure 12. 

The proposed nucleotide sequ nee was confirmed primarily by sequendng the complementary strand. 
Examination of the sequence revealed the presence of a single large pen reading frame starting at position 
141 and nding at position 3605, which could code for a protein of 1 ,155 amino adds with a molecular weight 

55 of 127 Kd. This Is in agreement with the molecular weight of 130 Kd of the Bt2 protein as determined t>y SDS 
polyaciylamlde gel electrophoresis. Fuitherrore, the amlno^ermlnai amino add sequence predlded from the 
nudeotlde sequences agrees with ttie amino add sequence determined on the purged Bt2 protein (see Rgures 
10 and 13). 
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The oompletB amino add sequence of the Bt2 toxin shows extensiv homology w&h the deduced amino 
add sequences from 3 other Bl. crystal proteins from which the genes were doned and sequenced: B.L kurstald 
HDI (Dtpel) (Schnepf et a).. J. BioL Chem., ^. p. 6264, 1 985), B.t icurstaki HD73 (Adang ^ a!.. Gene, 36* p. 
289, 1985) and B.t sotto (Shibano et al.» Gene, 34. p. 243, 1985). 
5 Comparison of these other B.t sequences with our Bt2 at the anUno add level (Rgure 14) reveals that they 

encode similar but distinct protB&is, showing regions of ^rfldng homology but als stretches which diverg sig- 
nificantty. 

7> Construction of the Toxin Gene* ca sset tes 

10 

7.1 Construction of a cassette carrying the intact BI2 gene 

Inspection of the DMA sequence of the Bt2 gene revealed that the 160 bp region immediately upstream of 
the ATG trandatton inffiation codon contains 5 ATG triplets. Translation of eucaryotic genes usually starts at 

f 5 the first AUG In the message (In RNA U replaces T). Th^e AUG triplets might act as inbator AUG's and could 
be recogn tzed prefmntialiy ov^ the genuine Bt2 initiation codon and could thus reduce the level ctf expression 
ki transfonmed plant cefls. Moreova-, ttiese AUG's are in other reading frames and would give rise to rionsense 
polypeptides. To prevent initiation of translation at these AUG tr4>lets. the sequences up^ream of the Bt2 gene 
were removed by exonudeolytic treatment prior to insertbn of the pBt2 gene in the Ti expression vectors. T 
l^.^.^d, delietion-Jerirati^ pBl^OO j^asmUjn wM uj^trejm seq^uen(^ were deleted up to ttie 
initiator ATG^were constmcted. Thirty-five ug of pBt200 DlsiA was digested with Hpai and treated with 6 units 
of Bat31 exonudease (Bidabs, New England) for 1 , 1 .30, 2. 2.30 and 3 minutes in 300 ul of 12 mM Mga2, 12 
mM C^a2, 0.6 M Naa, 1 mM EDTA and 20 mM tris-HO - pH ao, at ZC^C. One ug of Bal31-treated mdecules 
of each reaction were l^ated at 4**C to 0.13 ug phosphorylated BamHl llnkere (Btolabs, New England) with 2 

25 units T4 DNA ligase in a total volume of 20 ul. 

After the T4 ligase was inactivate at 68«C for 10 minutes, each ligation mix was digested with 20 units 
BamHl for 1 h at 37^C. Subsequentiy, 50 ng DNA was redrcularized witti 0.1 unit T4 DNA ligase in a total volume 
of100ulfbr20hat4''C. 

One^fifth of this ligation mbdure was transformed into competent E. coll K514 cells (Colson et al., G netics 

30 52 (1965), 1043-1050) as described t»y Dagert and Ehriich, Gene 6 (1980), 23-28. Cells wm plated n LB 
medium MDIer, Experhnents in Mdecular Genetics, (1972), Cdd Spring Harbor Laboratory. New York), 
supplemented udth carbenlcaiin (100 ug/ml). 

The ddetion end points in the plasmlds were first analyzed by measuring the size of the newly generated 
EcoRI fragments of the recombinant plasmids on a 2% agan^ gel. The nucleotide sequences of the exact 

35 deletion end points in plasmlds witti deletions ending just before ttie start of the Bt2 gene were determined, 
aone pHD1 00 has a deletion ending 8 bp before the Initiator ATG and removes ail upstream non-Initiator ATG's. 
aone pBa3.3 contains the BamHl linker lus^ to ttie 4th bp of the coding s^uence and done pBa23-3 contains 
ttie Bam linker fi^ed to bp -33. 

In a second engineering step, the non-coding sequences at the 3' end of the toxin gene were deleted using 

40 Bal31 exonudease (Btolabs, New England). Thirty ug of pHDIOO plasmid DNA were digested with Ndel and 
treated with Bal31 exonudea^ for 3, 4, 5, 6 and 8 minutes at 30^ in buffer. At each time Interval, 60 ul aliquote 
(eadi containing 6 ug of Ba]31 treated DNA molecules) were removed. After addition of phosphorylated Bglil 
llnkere (Bidabs, New England) to the B^31 treated DNA molecules, the DNA molecules were redrcularized 
with 0.1 U T4 ligase ovmiight at 4**C. The ligation mixture was transfonmed into competent E. cdl K514 cells 

45 (Cd»n et ai., Genetics 52 (1 965). 1 043-1 050) as described by Dagert and Ehiltch, Gene 6 (1 980), 23-28. Ceils 
were plated on LB medium (MOIer, Exoerimente in Molecular Genetics. (1973). Cold Spring Harbor Laboratory. 
New York) supplemented witii carbenlctUIn (100 ug/knl). After determination of the size of the deletion in several 
pla^ids, using restriction enzyme digestion and agaro^ gel electrophoresis, pHDI 60, pHDI 62, pHDI 63 were 
retained for furttier experiments. In pHD160, ttie Bglli site is positioned at appro^dmately 300 bp behind ttie 

50 TAA stopcodon of ttie Bt2 gene; bi pHD162 ttie Bglll is at approximately 250 bp behind TAA; and in pHD163 
ttie Bglll is at position 3342 (bp) in ttie Bt2 coding sequence. Construction of pHD160 is schematically dis^ 
ranmed in Rgure 15. In this way, wa constructed toxin gene cassettes carrying tiie Bt2 gene on a BamHI-Bglli 
fragment whtoh wiD be exdsed and inserts in ttie BamHl siteof ttie Ti expression vectors. In order to construct 
pHD164, the BamHI-Sad firagmentofpHDI 60 containing tti 5" end of the coding sequence was replaced witti 

55 ttie corresponding BamHI-Sad firagmentof pBa3.3.To construct pHD159, ttie BamHI-SacI fragment of pHD163 
was replaced by the BamHI-SacI fragment of pBa33 (Rgure 16). 

In Older to create plasndd pDC3 (Rgure 16), plasmid pHD164 was digested witti Dral, ligated to Bglll Un- 
ices, and tti fragment containing tti Bt2 gene was cl ned in the Bglll site of pLK57 (Rgure 17). In this way. 
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the Bglll ste of the BamHt-BglH cassette was placed In dose pixixfmity of the TAA stop codon of Bt2. 
7«2 Constnj^n of cassettes containing englneCTed Bt2 genes 
5 7J2.1 Truncated Bt2 genes 
7^1.1 Rational 

Results from basic r^eardi on the function^ properties of SJL crystal proteins Indicate that the large 

10 approximatety 130 Kd crystal proteins are rslativ^ insoluble and, tn addition, are protoxins whidi need pro- 
cessing In the Inse^ nudgut towards lower molecular we^ht active toxins, able to exert their toxic effects on 
the insects (BuDa, L A., Jr., D. B. Bechtel, K. J. Kramer, Y. I. Shetna, A. 1. Aronson and P. C. Rtz-James, 1980, 
Rev. Microbiol.. 8:147-203; Bulla, L A, Jr., iC J. Kramer, D. J. Cox, B. L Jones, t. I. Davidson and G. L 
ijookhart 1881, Bid. Chem.. 256:300(^3004; T. A Angus. Can. J. Microbiol.. 2:416 (1956); M. M. Lecadet, 

IS "Microbial Toxins", Vol. II, ed. by T. C. Montie and S. Kad^ Academic Press, Inc., New York and Lxuidon, 1 970, 
pp. 437-471). The specific activity of the Bt toxin when Ingested by the insects as part of a competition of 
engineer^ plant material wQl be determined, not only by the total quantity of toxin present but also t^y the degre 
of accessibflity of ac^e toxin, released In the midgut It has been shown that some inse^ species are more 
efRctent than others in sdubOizing and/or 'processing' (enzymaticafly degrade) B.t protoxins (Presentation by 

20 Dr. P. Lutiiy in "Second Workshop Bacterial Protein Toxins", Wepion, Belgtion: June 30=JuIy 4, 1985; to t>e ' 
putHished in congr^ proceedings). Therefore, it might be advantageot^ In the englneerir^ of insect resistant 
^ plaun& to constnict truncated toxins derived from Bt2 which have the prop^es of toeing: 1) already processed 
or partially processed toxin, exhibiting full toxic activtty; and 2) mors soluble than the original Bt2 protein. Rants 
expressing such truncated polypeptides migfrt exhibit a higher specific toxicity against insects than plants exp- 

25 ressing intact Bt2 at the rame level. 

7JZ,iJ2 Constmction of the deletion mutants 

1. Positioning of the toxin gene t>ehind the Pl promoter 

30 

A gene coding for a 130 Kd crystal protein toxin of B.t beiliner 1715 has been doned into pUC8 (Viera 
and Messing, Gene 1, 259-268, 1982) ghnng ttee to pBt200. (Characteristics of this gene, called Bt2, and the 
renting toxin (Bt2 protein) have been described in Sections 5 and 6. 

In order to assure a regulatable, high-level expression in E. cdi. the Bt2 gene was positioned behind the 

35 Pt promotor (Rgure 1 7). To this end, the plasmrd pBt200 carrying the Bt2 gene on a 7.7. Kb BamHI Pstl fragment 
was cut with Hpal, treats with Bal31, ligated to BamHI linkers, cut with BamHI and self-ligated (as described 
in Section 7.1). From the resulting dones, deletion d^'vatives with var^ng lengths of upstream sequences were 
sheeted, and inserted behind the P|. promotor of the expresston plasmid pLK54 (see Rgure 17 and Bottenman 
et al.. In press. Gene 1986) making use of the restriction enzymes BamFfl and Pstl. 

40 The resulting plasmlds were assessed for the production of Bt2 protein and one of those produdng the 
highest levels of Bt2, temted pLBIO was selected for further experiments. Plasmid pLBIO originate from 
pBa23-3 (Rgure 17, Sectton 7.1). 

2. Construction of deletions 

45 

From the internal deletions prevtously made in pBt200 with Xt^l and Kpnt, only the Kpnl deletion gav rise 
to irrmtunologicany detectable Bt2-derlved protein (see Section 6). Deletions were made in pLBIO using res- 
tric^on erodes i<pnl artd Hindlll. Western blotting analysis and EUSAshow^ that only the Kpnl ddetion mut- 
ant, containing the largest fragment extending from the start towards position 2167 of the Bt2 gene, produced 
so a stable approxtntatdy 80 Kd polypeptide. The polypeptide encoded t^ the Hindlll deletion derivative probably 
is highly sensMve to E. odi proteases. 

Interestingly, the Kpnl deletion mutant-«ncoded polypeptid exhibited an irts^ddal activify that was 
qutvalent to tiiat of the Intact Bt2 protein: in one experiment tiie LD50 value on 3rd instar P. brasslcae larvae 
was detenmined to t>e Z5 ng/larva for th Kpn deletion mutant as ounpared to 2 ng/iarva for the intact Bt2. 
55 This result indicates that the truncated Bt2 gene product, arlsir^ from the Kpnl deletton, comprises the entire 
active toxic unit 

The previous data ^ggests ttiat the smallest gen fragment of Bt2, encoding an active toxin is contained 
within the Kpnl deletion fragment but extends further than the Hindlll sSte, To map th exact endpoint of the 
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minimal fragment coding for the actfve toxin, deletion mutants were constructed wfiich contained N^rminal 
fragments of decreasing size. T achteve this, we used a strategy which aOowed us to construct simultaneously 
deletion-fnutants and transladorml fusions to the NPTI^ene (see Section 7.2^). The construction of the inter- 
medtete plasmid pLBKm25 is outlined in Rgure 18. As shown in Rgure 18, pl£Km25 is derived from pLBIO 

5 (see previous section) and pU<m91 which will be d^ciibed in Section 7,2-2.Z 

As shown, this pla^d is provided with a DNA sequence with stopcodons in the three reading frames 
t>ehind an unique Sal! site. Thte construct was cut with Kpnl, digested with BaI31, <^ with Sail, treated with 
Klenow polymerase and rel'^ated (Rgure 19). In th^ way, the delete coding r^ion is fused to a stopcodon 
with a minimum of nonsense coding sequence. An overview of the deletion dones is given in Rgure 20. Total 

10 cellular extracts were made of the clones (after Induction) and analyzed in Western blotting and EUSA for the 
quantitative detection of Bt2-like polypeptides and In an Insect toxicity assay to screen for active toxin. The 
resists are presented in Rgure 21 and Indicate that detection of a stable polypeptide decreases gradually when 
the endpoint of the coding region is coming closer to the Hlndlli site. 

From a certain position on (stiD downstream of Hlndlll), almost no Bt2-Ilke protein was detectable anymore. 

15 Furthennore, toxldty of the extracted materia) from these dones. drops abruptly when the 3' endpoint is passing 
a particular position between Hlndlll and Kpnl. The two dones characterizing the smallest toxic (pLB879) and 
the largest nontoxic (pLB834) polypeptide were verified by DNA sequence analysis. This analysis showed that 
the critical endpoint for a stable active toxin maps between positions 1797 and 1820 on the Bt2 gene (Figure 
22). Therefore all N-temnlnal gene fragments of Bt2, ending downstream of position 1 820 (bp) compr^e a gene 

20 _ fragment encoding an gctiye fa^n. If^b^restingly, total, cdluiar extract of one done (pLB^O) showed a much 
stronger reaction with a poiydonal antiserum and a monoclonal antibody in Western blotting. nK>rebver, the 
protein produced by this done was more soluble in E. coli than the Kpnl deletion gene product and stni exhtbKed : 
full toxic a^ivity. 

25 7.2.2 Fusion genes to NPTll 

7.2.2.1 Rationale 

It is known that amino-tenmlnal fusions at the NPTll gene can generate fusion proteins that still confer 
30 kanamycin resistance in bacteria (Rebs et al.. EMBO J. 3. p. 3317, 1984). 

Since NPTll is a most 8uitat>Ie sdection maricer in plant engineering, such gene fusions could hav very 
promising applications. Indeed when using such NPTll fusion proteins to transform plants, a selection for high 
kanamydn resistance woukJ allow direct sdection for a high expression of the fusion product Therefore, toxin 
gene fusions with NPTll might be used to transform plants and select for transfbnned plants expressing high 
35 levels of toxin, by selection for kanamydn restetance. 

7,2J2J2 Construction of thefuston gene cassettes 

Different fragments of the Bt2 gene were fused to the N-tonminus of NPTll. 
40 One of the fusion proteins termed BtNPT2 is described in more detaO below. 

1. Construction of the BtNPT2 fuston gene 

The construction of tfie BtNPT2 gene Is shown in Rgure 23. pU<54 Is a pBR322 derivative containing the 
45 pronator and 2 phage fd transcription terminators in tendem (Section 7.2.1.2). pKm109^0 contains the 

NPTll gene of Tn5 on pBR322 (Reiss et al., EMBO J.. 1984) (Rgure 24). 

A 1141 bp gene fragment of pKml 09/90 containing the NPTll gene was doned in pLK54 giving rise to 

pLXmSO. In order to create a Bglll site behind ttie NPTll gene, Bglll linkers were ligated at the Xball and tiie 

Sail site after Klenow polymerase treatment This gives rise to pU<m91. 
so pHD159 Is a derivative of pBt200 (Sedion 7.1) whereby a BamHI linker has been fused to the 4th bp and 

a Bglll linker to bp 3342 (after Bal31 treatment). The BamHI Bglll fragment of this plasmid containing the deleted 

Bt2 gene was Inserted in the BamHI site of pLKm91, In one orientation, giving rise to a Bt2:NPTII fusion gene 

on pLBKmlO. 

To construct pl3Km13 an Asp 728, Klenow treated Bglll fragment was inserted between the BamHI site 
55 (after filling In) and the Bglll site of pLKm91. 

In order to produce tiie BtiNPTll fuston proteins in E. ooli^ analogous constructe to pLBKmlO and 13 were 
made containing 5' leader sequences of the BI2 gene w^ a ribosome binding site. Therefore, from another 
Bal31 deletion derivative of pBt200, pBa23-3 (Sedion 7.1), witii th BamHI linker at position -33 we exchanged 
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the BamHI-Sad fragment with pLBKm13, giving rise to pLBKm23. 

Fra-the expressfon of the fusion protem BtNPTZ behind the Pnos (vonrator and the 35S promoter, the Bam- 
Hl-Sad fragment cf pHD160 (described In Section 7.1 } was doned between the same sites in pLBKin13 giving 
pLBKmSa. 

5 Finally for the construction with the Petunia 8si>-promotor (see Section 8) we used a modified Bt:NPTII cas- 

sette wherein the 3' non-codhg region was removed up to the stopcodon of NPTIL To achieve this the NCol- 
Bglll fragment of pl3Km13 oontainbig the 3' end of the NPTII gene was replaced K>y a NCol Bglil- fragment 
generated firom pLKmSI (Figure 23). This ptesmfd was cut v/fth Ddel, treated with Klenow polymeras . and 
Qgated to a Bglll linker, whereafter the renting DMA was cut by NCol and Bglll. Rgure 23 also shows the 5' 

10 Bt2 sequences In the diffiBrent constructs. 

In summary, the BtNPT2 gene contains (Rgure 24): 

1) The 5' end of the Bt2 gene starting 8 bp upstream of the initiation ATG oodon or at pos *«4 or at posi- 
tion -33 and extending towards nudeotide position 2173. 

2) a 16 bp linker fragment 

IS 3) the NPni coding regton starting at nudeotide position 13. 

2. Characteristics of the fuston protein expressed tn E. cdi 

The fusion gerre BtNPT2, placed behind the Pi. promotor in plasmid constructton pl-BKm23 (Rgure 23), 
20 wsb expressed ih E. odII t6 istudy the properties of the fusion protein. - - 

£l Identification of ttie ftislon protein in E, coli 

An E^Mll done transform^ with pLBKm23 was analyzed in SDS-PAGE and in Western btotting. Coomas- 
25 sie staining of the complete tmcterial extrad in SDS PAGE showed the presence of a new protein band having 
an apparent molecular weight corresponding to the expects size of the fusion protein (approximately 1 1 0 Kd). 

The protein could also t>e visualized in Western blotting using either anti-Bt2 serum or antl-NPTIII serum. 
Again the positively reacting band showed the expected size of the fusksn protein. The protein is quite stable 
in E. coH since only limited amount of degradation products was detected (bands of lower M.W.). 

30 

Z2 Kanamydn resistance of the engineered E. cdi done and NPTII actWi^ of the BtNPT2 protein 

The E. coli done containing pl_BKm23 gene was indeed resistant to kanamydn. Bacteria were able to grow 
on 100 ug/ml Km (for comparison, the wHd type NPTII gene confers resistance to more than 1000 ug/ml). 

35 NPTn activi^ of the Bt-NPT2 fuston protein was evaluated using an NPTII asssy as described elsewhere 

(Reiss et al.. Gene 30, p. 21 7. 1 984). A cell extrad of the E. coli done expressing the BtNPT2 protein was run 
on gel in nondenaturing conditions, in parallel with an extract from an E. coli done produdng the wild type NPTII. 
Cell extracts were prepared as follows. The E. odi dones were grown during about 4 hrs. at 28''C in 20 ml cul- 
tures (containing LB medium), centrifuged and resuspensed in 1 ml TES tniffer, sonicated for 2 times 2 minutes 

40 at 50 watts in Lat>sonic 1510 and centrifuged for 30 minutes at 15^000 rpm; tfie supernatant was used in our 
experiment The position and NPTTI-spedfic adhnty of the proteins was detenmined t>y jn sifaj phosphorylation 
of kanamydn, using «P-ATP (Reiss et aL, 1984, Gene, 30, 217-223). A gel containing the same samples was 
run in parallel and used in a Western blotting procedure (with anti-Bt2 and anti-NPTII antibodies). By compari- 
son witii dHution series of purif!^ Bt2 and purified NPTII protein samples, which were Induded on tills gel, the 

45 amount of protein present in tiie samples used for activity measurement could be detenmnned; the results indn 
cated that the specific acthnty of ttie BtNPT2 protein was roughly the same as ttiat of NPTII (Figure 25). 

2.3 Behavior of the BtNPT2 fusion protein in E. coli 

50 The results in the previous action indicate that specific NPTII enzyme activities of intad NPTII enzyme 
and of the fusion protein were suttstantiaHy equWalent This seems ^xnewhat inoompatilde with the fn vivo" 
behavicH* of the protein. WhBe an E. coB produdng wOd type NPTII resistant to more than 1000 ug/ml Km, 
the BtNPT2 engineered E. coli expressing comparable levels of protein are nly restetant to a level of 1 00 ug/ml. 
It is known, however, that proteins produced in E. coll at high levels (such as is the case here, using the 
55 strong Pi. promotor), tend to predpitate witiiin the One might exped ttiat if a subsfanttal fraction of tiie 
BtNPT2 protein Is pr^ent In a predpftated form In E. cdi (and most of the protein Is nzymatically inactive) 
the result is a low r^tetant phenotype. 

Analyst of a bacterial extrad of the BtNPT2 done using a Western blotting indicated that indeed nearly 
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all the protein was present in an insoluble fonn. After lysis of the ceQs and centrffugatfon, niost of detrctable 
BtNPT2 was found In the peQet (this in contrast to the NPTIi wQd type protein which Is mostly present In the 
supernatant fractton). Only a minorfraction of the BtNPT2 protein was present in the ^pematant T sohibOlze 
the fu^on (mtein, present In the pellet fraction, 8 M urea + 2% ME (mercapto ethanoi) w^ required. After 
5 dialysis, to renature the solubHized protein an enriched BtNPTZ protein preparation was obtained which could 
bete^ed in insect taxicity assays (see 2w4). 

2.4 Toxfdty of the BtNPT2 protein 

10 Previous tooddty as^ys have shown tttat the polypeptide encoded by the Kpnl deletbn fragment of Bt2 
has still 100% of the toxic at^h^ of the intact Bt2 protein (Section 7.2.1.2). In addition, our studies on the iden- 
tification of minimal active toxic fragments have shown that this Kpn fra^ent comprises a (approximately 60 
Kd) active toxin which exhibfts the complete toxic activity of the Bt2 molecule. In the following, we wanted to 
detemdne whetfier the BtNPT2 fusion protein had sb1l the same degree of toxfdty. 

15 To thte end, toxicity levels towards insect larvae, (tf enriched BtNPT2 and purified Bt2 protein were com- 
pared. The exact amount of fusion protein in the samples was detemnined using EUSA (with a monoclonal antl- 
txxly specific fbr the N-term!nal region of Bt2:4D8) and Western blotting (comparison of band intensity of 
dilutfons of the fusion protein and purified Bt2). The results show^ that the specific toxic activity on M. sexta 
and R brsgsicae larvae was sut^tant^y the same fbr BtNPT2 fusion protein as for intact Bt2 (Tat>les 4 and 

aoi 5). _ 

Taken together the above data indicate that the BtNPT2 protein has NPTII adlMfy both *ln yfvo" and *|n 
' vitro" and in addition ttiat it has an equally potent Insectlcidal acUvfty- as the Bt2 toxin. Therefore, this truncated 
toxin deariy represents a valuat^le alternative in the engineering of plants expressing high level of insect toxidty. 

25 2.5 Selection of additional Bt2:NPni fusions expressing a higher kanamydn resistance phenotype 

The results obtained with the previously consbucted BtNPTIl gene were very promising since this fusion 
protein confenred kanamydn re^stance, showed nonnal levels of toxidty and was relathrely stable. However, 
the kanamycin resistance conferred by the Bt NPT2 fuston was relatively low as compared to the wild type cells. 

30 Since the isolated purified Pno&-BtNPT2 protein had a specific NPTII acth^ comparable to the wDd type NPTII 
protein, we oonduded that tfie low kanamydn resistance was due to the low sdubllily of the fusion protein in 
E^ A relatively tow resistance phenotype might interfere with an effident selection system in plants. There- 
fore, we considered the possibiTrty that other Bt-NPTII fusions could have different physicochemlcal properties 
leading to a higher Km resistance phenotype "in vivo" . We deigned an experiment to fuse the NPTII gene at 

35 random to the Bt2 sequence In the regton between the Kpnl site and the processing site. The experiment was 
as follows: 

We used plasmld pt3Km25 (Figure 18) containing the following elements of interest a Pl promotor and 
the Bt2 gene, fused at 1 1 00 bp downstream of the Kpnl to the NPTII gene (see Figure 1 9). A unk|ue Xhol 
site separates the Bt fincOTi the NPTII gene. This plasmld was linearized by Kpnl digestion and treated with Bal31 

40 exonudease. The Bal31 reaction was titrated such that the deletions did not proceed far t>eyond the Hindlll 
site which Is localized upstream of the C-tenninal proofing site* The Ba]31 treated plasmid was l^ated to 
Xhol linkers, d^ested Xhol and setf-ligated. As a result, the NPTII is fused to fragments of the Bt2 gene 
varying in size. These plasmids, transformed in E. cdi, conferred kanamydn resistance on conditton the NPTII 
gene was fused m frame to the Bt2 gene. Transfbnmants were selected on plates containing low levels of 

45 kanamyc^ (20 ug/ml) and screened for the ability to grow on higher kanamydn concentrattons. 

145 kanamydn resistant transfomiants were screened for their abilfty to grow on higher kanamydn con- 
centrations. 8 transformants proved more restetant and were able to grow on concentrattons higher than 200 
ug/ml of kanamydn. The fu^on point in afl 8 dones was detenmined by restriction enzyme mapping with an 
accuracy of 20 bp. Surprisingty 7 out of 8 dones had their fusion point around the Hindlll site at position 1680 

so of the Bt gena One done (pLBKm860) mapped at posttton approximatety 2050. Although the msyority of the 
deletnns were fused around position 1800, none of these conferred a h^her kanamydn resistant phenotype. 
The 7 dones which have their fusk>n point positioned around the Hindlll site are too short to encode an acth^e 
toxin. However, on of the dones (pLBKm860)wss: 

More stat)le, since more protein per amount of total cellular extract was detected in Western blot analysis; 

65 and 

More sdubl since more truncated Bt protein was detected in the supernatant 

The positk>ns of the 3' nd points in the Bt2 coding sequences In dones 860 and 865 are represented in 
Figure 26. 
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Toxidty of the fusion proteins and truncated Bt2 gene product is Dlustiated in Table 6. 

7.3 Adaption of cassettes containing truncated Bt genes or Bt gene fusions for CTpression m plant ceDs 

5 Plasmids pi-BKnt860 and 865 were modified as descn*t>ed in Rgure 27 to gen^ated plasntids pLBKml 860 

and pLBKfn1865 respectively. pLBKni2860 was derived from (Figure 27) pLBKm860. 

By replacing the BamHl-SacI fragment from pLB820 and 884 for the BamHI-SacI fragment of pLBKm14, 
the new plasmids called pLBI 820 and 1 884 respectively, were generated. pLB2820 was derived frcm pLB1 820. 
As an example, the final constructs pLBKm1860, pLBKm1865 and pLBKm2860 are shown in Rgure 24. 

10 

8, Construction of Intermediate expression vectors containing the toxin gene 
8,1 Overview 

15 Table 7 gives an overview of the engineered plasmids which have been constructed and used in the plant 
tranfonmation experiments. Each engineered Ti plasmid Is the result of a colntegrab'on of a receptor Ti plasmid 
with an intenmedlate vector. Each intermediate vector contains a chimeric toxin gene comprising a plant pronv 
otor secpjence derived from the indicated expression vector and a Bt gene cassette. 

20 Assembly of ^tmeric genes „ . , . . - .. ^.^i - 

~ table 7"gfves tfie plasmids from wifitch tiie Bt gene cassettes are isolated. The construction of these plas- 
mids has been described in previous parts. The detaDed maps of ttie expression vectors mentioned in Table 
7 are given in Rgure 33 (A-J). 
25 The detailed construction of the two chimeric genes present in pHD205 and pHD208 are described as an 
example. The experimental procedure uses standard recombinant DNAtediniques and experimental protocols 
have been followed, according to Manlatis (Cold Spring Harbor, 1982). 
The different plant promotors which have been used are (Table 7): 

Pnos: a constitutive and relatively weak promotor derived from the T-DNA encoded nopailne synthase 
30 gene. 

Pssu-pea: derived from a weaidy expressed memberof the fomily of small Subunitof Ribulose biphosphate- 
carboxylase genes of pea. Expression is light inducible in green tissues. 

PTR2: A constrbjtive promotor derived from the Tr-DI4A of the octoplne Ti placid (Vdten et al., 1984, 
EMBO J., 3, 2723). In the expression vectors pGSi-1150 and pGSH160 the dual promotor fragment is derived 
3S from pop443 (Velten et al.. 1984, EMBO J.. 3, 2T2Z). The 5* untranslated region of the 2' promotor has been 
completed by adding a BamHI linker to produce the sequence 

. . . . ATCGATGGATCC 
40 Clal BamHI 

Cloning into the BamHI site thus leaves the 5' untranslated region of the 2f gene intact and fuses the Bt 
gene cassette at the initiation ATG of the 2* gene. 

The Importance of an Intact 5' untranslated region for obtaining high levels of expresston of chimeric genes 
45 has been demonstrated (Jones et al., EMBO J. 4, 2411, 1985). 

Pssu301: is the proirtotor of an rbs (ribulose bisphosphate cartKixylase small subunlQ gene of Petunia firom 
yMdh about 50% of the Petunia rbs mRNA is transcribed (Dean et al., EMBO J, 1984. 4, Na 12). Via site direc- 
ted mutagenesis the sequence around the initiation codon (TAACTATGGCTT) has been dtanged to TAA 
CCATGGC TT. creating an NCoi site on the initiation codon. SimOariy, modification around the TAA 

so 

stopcodon from GGCTTCTAAGTT to GGCTTCTAAGATCTT created 
a Bglll site. Bglll 

65 As a result, ttie coding region of th ssu-301 gene could be precisely removed by Ncol-Bglll digest and 
sut>stituted by the Bt gene cassettes described under 7.Z 

Isolation and diaracterlzation of ttie promotor fragment (Pssu PET) and 3' end (ssu-PET) is described In 
Dean et aL, PNAS, USA, Vd. 82, 4964 (1985). Cor^truction of pAGS007 (Figure 33H) is described In Rgure 
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44. 

P35S: is a strong constitutiv promotor derived from cauliflower mosaic vims (CAMV). The P35S-1 prom- 
oter fragment is derived from CAMV isolate Cm4-184. It contains a fragment (nt6492-7454) of the CAMV 
genome (Gardner et al., 1 981 , Nud.AddRes.. 9, 2871-2888) and a downstream BamHI site for doning (Figure 
5 40). 

P35S-2 contains CAMV sequences from 6492 to 7466 followed by a del site. 

P35S-1 and P35S-2 thus only dlff^ in the lengtti of the 5* untran^ated sequences of the 35S CAMV tran- 
script 

10 Promotor-Btgene Junctions 

Figure 28 gives the DMA sequences at the junction t)etween the promotor regions and the coding sequence 
of the Bt gene cassette as they are present in the different engineered Ti plasmids. Sequences derived from 
the original promotor regions and from the coding sequence of the Bt2 gene are underiined. Sonne relevant 
15 restriction enzyme sites which have been involved in the assembly of the chimeric genes are indicated. The 
ATG initiation codon is boxed. 

Junctions between Bt gene cassettes and the 3^ ends 

20 _ All chimeric genes are provided at the 3' end with a sequence which contains the 3' untranslated regbn, 
induding the polyadenylation site, of a gene whidt is naturally expressed in plant cells. The following sequences 
have been used: ' , - - . . , 
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yocs (in pHDIOSO, pHD1076, pHD1080) 

A 708 bp Pvull fragment containing the 3' untranslated region of the octopine synthase gene (pos 11939- 
11233 according to Gielen et al., EMBO 4. p. 835, 1984). 

3't7 (pGSIISI, PGS1161. PGS1152, pGS1153. pGS1162, pGS1163, pGS1251, pGS1261, pGS1253, 
30 PGS1262, PGS1271, pGS1281 

A 212 bp EcoRV-Clal fragment containing the 3' untranslated region of T-DNA gene 7, doned into the Smal 
site of r^C8 and relsolated as a EcoRl-Sall fragment (pos 2317-2105 according to Gielen et ai., EMBO 4, p. 
835. 1984). 
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3'nos (In pGSIIIO) 

A 182 bp Ta91-Clal fragment, containing the 3' untranslated region of the nopaline synthase gene (pos 
1290-1472 according to Depicker et al., J.MA.G. 1 , p. 561 , 1982) 

3'SSu301 (in pGS1171, pGS1181) 

A apprtxximately 1 ^ Kb Bglll-BamHt fragment derived from the 3' end of the ssu301 gene was constructed 
by site-directed mutagenesis as follows: 

stop coding region (which is TAA) 
SSU301 . . .TTCTAAGTTATA 

coding . . . TTCTAAGATCTATA 

sequence Construction of a Bglll 

Bglll site through site- 

directed mutagenesis 

Example 8.1 

This example describes the construction of pHD205, an intemriediate vector containing a chimeric Bt2 toxin 
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gene oompiisfng: the nopaiine synthase promotDr, the Bt2 toxin gene cassette from pHD160 and a DMA frag- 
nrtent containing the 3' untranslated region of the nopaiine synthase gene indudtng the polyadenylation site. 
In the chimeric gene the Bt2 gene cassette is oriented ajch that the expression of the Bt2 protein can t>e 
ot>tained from the nopaiine synthase promotor. The Bt2 gene c^ette was excte^ from pHDIM with BamHI 

5 and BglU and inserted in the BamHI site of pLGV2382 (Heirera-EstrBlla t al., EMBO J., 2, 987-995« 1983). 
Two ug of pHD160 DMA were totally digested with respectively 2 units of Bgfll and BamHI (Bmhringer Man- 
nheim) for 1 h at 37*^ in a final volume of 20 ul, using the incut)atton t)uffierde^rit)ed by Manlatis et al. (Molecu- 
lar Cioning (1 982), Cold Spring Hart>or Lat>oratory, 1 33-1 34). Five ug of pLGV2382 DMA was totaOy digested 
with BamHI under the same conditions. Sutisequentiy the temntnai S' phosphates were removed frcun the DMA 

io by trsatntent with caif intestinal alkaGne phosphatase (CIP) (Boehringer Mannheim) using the conditions des- 
cribe by Maniatis et al., Mol^aiiar Cloning (1982), Cold Spring Hart>or Laboratory, 133-134). One-fifth of 
BamHI digested and aP treated pLGV23d2 DNA was ligated to 0.1 ug of BamHI-Bglll digested pHD160 DMA 
with 0.01 units of T4DNAngase (Boehringer Mannheim) inafinal volume of20uL L^ationbufferand incubation 
are as recommended by Boehringer Mannhe&n (Brochure *T4 ilgase", Boehringer Mannheim, August 1980, 

15 10.M.880.486). The ligation nuxture was transformed into competent Bcoli K514 ceils (Colson etal.. Genetics 
52 (1 965), 1 043-1 050) according to Dagert and Ehriich, Gene. 6 (1 980) 23-28. Ceils are plated on LB medium 
(MtD^, Experiments In Molecular Geneti(» (1972) Odd Spring Harbor Laboratory, New YorlQ supplemented 
with carbenidDIn (1 00 ug/ml). Transformants were screened for the presence of recombinant plasmids by micro- 
scale DNA preparations, perfomned according to Bimboim and Ddy (Nud. Acids Res. 7 (1979), 1513-1523). 

20 The orientation of the BamHI-Bglll fragment in the BamHI site of pLGV2382 was determin^ by BamHI-PstI 
double digestion. Double digestion pattern of recombinant plaids shows 4 fragments after agarose gel 
electrophoresis. In the alpha-orientation there are fragments of approximately 5700 bp, 3000 bp, 2300 bp and 
920 bp, whereas in the beta-orientation there are fragments of approximateiy 6200 bp, 3000 bp, 1800 bp and 
920 bp. A recombinant plasmid with the alpha-orientation (the toxin gene underthe control of the nopaiine synth- 

25 ase promotor) is used in subsequent experiments and called pHD205. 

Example 8.2 

This example descn'bes the construction of pHD208. The intermediate vector pHD208 contains a chimeric 
30 Bt2 toxin gene comprising: the promotor from a pea gene enccxfing a sn^ subunit of ribulose biphosphate 
carixixylase (Pssu), the Bt2 toxin gene cassette from pHD160 and the 3' untranslated region of the octopine 
synthase gene including the polyadenylation site. The fragments of the chbneric gene were assembled in the 
doning vector pGV831 as descrit>ed in thte example and as diagrammed in Rgure 29. The construction of 
pGV831 is sunrtmarized in Rgure 30. 

35 

Step 1: Insertion of a 706 bp Pvull fragment containing the 3' untranslated regbn of the octopine synthase 
gene Into pGVB31, to yield pGV858. 

F'rve ug of pGV831 DNA was totally digested with 5u Hpal at 37'*C for 1 h, using the incubation buffer des- 
40 cribed by Maniatis et al., Molecular Ctoninq (1982). Subsequently, the temDlnal 5' phosphates are removed from 
the Dt^ by treatment with CIP using the conditions as described by Maniatis et al., Molecuiar Cloning, 198Z 
Twenty ug of pGV99 DNA (De Greve et al., J. Md. Appl. Genet 1, 49^12. 1982) was digrated with 20 units 
of Pvull fbr 1 hour at 37«C. 

The resulting DNA fragments were separated by electrophoreste on a horizontal agarose gel (0.8% agarose 
45 in TBE buffier). The agarc^ band containing the 706 bp Pvull fragment was cut out and the DNA was recovered 
t>y electroelution. After phenolisation and ether extraction. DNA was predpitated with ethand by centrifugation 
in an Eppendorf centrifuge for 10 minutes, washed with 70% ethand, dried and resuspended in 20 ul H2O. 

0.03 ug Hpal digested and CIP treated p6VB31 was ligat^ to 0.1 ug of the purified 706 bp fragment with 
1U of T4 ligase in a final vdume of 10 d. The ligation mbcture was transformed into competent E. rail K514 
so cdls. (Colson et al.. Genetics 52 (1 965), 1 043-1 050) as described by Dag^ and Ehriich, Gene 6 (1 980), 23-28. 
Cells were plated on LB milium (MOIer, Experiments in Mdecdar Genetics (1972), Cold Spring HartK)r 
Laboratory, New Yorl^, supplemented with carbenicQlin (100 ug/ml). The resulting recombinant plasmids were 
characterized by double digestion wfth Psti and Apal digestion. One of the resulting plasmids, pGV858, yielded 
the desired digestion firagments of approximately 5300, 1700, 1500 and 900 bp and was used further. 

55 

Step 2: Construction of a modified Pssu fragment and insertion of this finagment in pGV858 to yield pHD503. 



A BamHI site was positioned immediately downstream of tiie ^su promotor by inserting the Hrndlll-BamHI 
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pdylinkerfrom pUC8 (VIenra and Messing, Gene 19, p. 259-268, 1982) Into pKC7::Pssu. pKC7::Pssu was pro- 
vided by the Lab of Genetics, State University, Gent, Belgium* It contains the EcoRI-Hlndlll fragment which 
includes the premotor for one of the pea gen^ encoding the small subunit (ssu) of RItnilose biphosfate car- 
boxylase (RUDP-case) (Herrefa-Estrella, Nature 310: 1 15-120, 1984) doned in vec^ pKC7 (Rao and Rogers, 
5 Gene 7, 1979). 1 ug of pKC7nPssu was d'^ested with 1 U Hindi!: and 1 U BantHi. 1 ug pUC8 DMA was digested 
with 1 U Hindlii and 1 U BamHI at 37«Cfbr 1 hr. 0.1 ug of each digested DMA were mbced and Ogated with 0.01 
unit of T4 DMA ligase in a final volume of 20 ul. The ligation mixture was tFansfbrmed into competent E. coli 
K514 cells (Dag^ and Erhllch, Gene 6 (1980) 23-18). Cells were plated on LB medium (Mfller, Experiments 
In Molecular Genettes (1972), Cold Spring l-larbor i-aboratoiy. New Yoilc) supplemented with 100 ug/ml car- 
lo benidllin. In one of the renting recombinant plasmlds. pGV861, the Hindlll-BamHI fragment containing the 
Km>^ gene of pKC7 was substituted by the 20 bp HIndiil-GamHI polyilnkar of pUC& 

Five ug of pGV858 were digested wfth 5 units of BamHI for 1 h at 37'C In a final vdume of 20 ui, using the 
incubation buffier described by Manlatts et al^ Molecular aoning. Cold Spring Harbor Laboratory, 133-134, 
(1982). Subsequently, the temnlnal 5' phosphates were removed from the DNA by treatment with CIP using 
1$ the conditions described tiy Maniatis et al.. Molecular Cloning. Cold Spring Harbor Laboratory, 1 33-1 34 (1 982). 
Two ug of pGV861 were digested with 2 units of Bglll, BamHI and Pvul for 1 h at 3r*C In a final volum of 20 
ul, using the inoibation buffer descn'bed by Manlatte et al., Molecular Cloning, Cdd Spring Harbor l.aboratories 
1982. 

0.2 ug BamHI digested and C\P treated pGV858 was ligated to 0.05 ug BamHI-Bglll-Pvul digested pGV861 
, jo_ wlth^p.01 units of T4 DNA ligase (Bpehringer MOTnhen^^^ In a final volume of 20 ul. The ligatfon mbcture was , 
transrfbnra Into competent E. rail iC514 ceQs (Colson et al., Genetics 52 (1985). 1043^1050) according to 
Dagert and Ehrilch, Gene, 6 (1980), 2S-28. Cells are plated on LB medium (Miller, Experiments In molecular 
Genetics (1972) Cold Spring Harbor Laboratory, New Yoric) supplemented witti carbenicillln (100 ug/ml). Car- 
benicillln reslstantdoneswere omened fbrthepresenceofreconiblnantpla^ids by restriction enrymedlges- 
25 tion of DNA prepared by the microscaie technique described by BImbolm and Dolv (Nud. Acids, Res. 7 (1979), 
1513-1523), 

In one of the recombinant plasmlds, pHD503, tiie Bglll-BamHl fragment Induding the pea ssu promoter 
inserted in tfie correct orientation In firont of ttie 3' end of the octopine syntiiase gene. pHD503 contains a unique 
BamHI site, located between the Pssu promoter and the 3' end of the octopine synthase gene. 

Step 3: Insertion of the BamHI-Bglll Bt2 gene cassette Into the BamHI site of pHD503 to yield the 
intennediate expression vector pHD208. 

Two ug of pHDI ^ DNA were completely digested with 2 units of Bglll and 2 units of BamHI for 1 hour at 
35 SVC In a final volume of 20 ul. Five ug of pHD503 DNA were digested with 5 units of BamHI to completion 
under the same conditions, treated witii aP using the conditions described by Manteitis et al., Molecular aoning 
(1982), Cold Spring Harbor Laboratory, 133-134) to remove the tenmlnal 5* phosphates from the DNA 0.1 ug 
of BamHI-Bglll digested pHD160 DNA was ligated to 0.2 ug of BamHI digested and CIP treated pHD503 DNA 
with 0.01 U T4 DNA ligase in a final volume of 20 ul. 
40 The l^ation mbcture was transfbnfned Into competent E. coli K514 cells (Dagert and Erhllch, Gene 6 (1980) 
23-18). Cells were plated on LB medium (MBler. Experimente in Molecular Genetics (1972), Cold Spring Harbor 
Laboratory, New Yori^ supplemented wHh streptomycin (20 ug/ml) and spectinomycln (50 mg/nd). Strep- 
tomycin^pectinomydn resistent donra were screened for the presence of recombinsuit plasmlds by restriction 
enzyme digestion of DNA prepared from these clones by the microscaie technique described t>y Bimboim and 
45 Dolv f Nucl. Adds Res. 7. 1513-1523, 1979). pHD208, a recombinant plasmid containing the Bt2 gene cassette 
in the corred orientetion with respect to the Pssu promoter was isolated and used in further experiments. 

Example 8.3 

so This example describes the oonstmdion of pGSH151. The intermediate vector pGSH151 contains a 
chimeric Bt NPTII fusion gene comprising: the promotor of transcript 2 of tiie TR-DNA of the octopine Tl plasmid 
(PTR2) (Velten et al„ 1984, Embo J.. 3, 2723), ttte BtNPTII fusion gene cassette from pLBKm13 and the 3' 
untranslated region of the gene 7 of the T-DNA of the octopine Ti plasmid. 

The fragmente of the chimeric gene were assembled as described In this example. All the techniques were 

55 perfbmied as described in ManlaUs et al., Moleailar Cloning (1 982). 
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Stepi: Constni^on of pGSHSO (Fgure 41) 

This plasmM contains th TR promo tor PTR2 wrth a completdy Intact & untranslated region, foOowed by 
an AT6-tnttiation oodon, followed by a unique BamHl site, and the 3' untranslated end of the transc^pt 7 gene. 
5 pOP443 (Velten et aL. 1984) contains a Clal-Hdiii fragment oomprsing the PTR2 and the PTR1 of the 

octoplne Ti plasn^d. To eltminatB the BamHl site, pOP443 was totally digested with BamHl and Sail, the sticky 
ends treated with the Klenow fragment of E. go^ polymerase I and self-ligated with T4-ligase. 

After transformation, ampfcfllin-resistant colonies were selected and their plasmlds were screened for the 
absence of BamHl and Sail sites, yielding pOP4433SF. 
10 In order to create a Dal site in front of the 3' untranslat^ end of transcript 7 in pAP2034 (Velten et al., 
1984), pAF2034 was totally digested with BamHl, treated with the Klenow fragment of E, ooH polymerase I and 
ligated to kinated CtaMlnkers. The DMA was subsequently totally digested del and seif-llgated with T4- 
ilgase; among the Amp^ transfonnants pAP2043C was selected. 

From pOP443BSF, the Qal-Hindlll fragment containing the TR-promotors was doned between the cone- 
IS spending sites of pAP2034C giving rise to pGSHSO. 

Step 2: Construction of pGV1500 (Figure 42) 

pGV825 is descnt>ed in Deblaere et aL, MAR. 13, 4777 (1985); to reduce its size, pGV825 was digested 
20 with Pvull and self-llgated; The resulting plasmid pGV956 contains a unique BamHl and a unique Bglll-^tte^ ' 
within the T-DNA. pJB63 is descnljed in Botterrnan et al. (in press. Gene, (1 986)). The BamHI-BglU fragment 
dbntaining several unique restnction sites mis dohed between the corresponding sites in pGV956 giving rise 
to pGVISOO. 

25 Step 3: Constmction of pGSHI 50 (Rgure 43) 

pGSHSO was digested v^th EcoRI, treated witti the Menow fragment of E. cg\i polymerase I and digested 
with HlndilL The resulting fragment, containing the TR-pronwtors was doned between the Hpal and the Hindlli 
site of plasmid pGVISOO. 

30 

Step 4: Construction of pGSH151 (Rgure 3) 

The BamHI-Bglll fragment of pl3iOn1 3 containing the Bt2 gene was doned in the BamHl site of pGSHISO 
creating an in-frame fusion of the Bt2 gene starting at the 2nd codon to an ATG-initiation codon behind th 
35 PTR2. 

9. Introduction of the intermediate expression vectors containing the toxin gene Into Agrobacterium 

The introduction of intermediate expression vectors into acceptor Ti pla^lds of Agrotecterium is accom- 
40 plished in two steps: first, the intermediate expression vector is transformed into E. cdl strain GJ23 carrying 
two helper plasmlds: R64 drd 11 containing tra functions and p GJ28 containing the mob functions (Finnegan 
et al., Mol. Gen, Genet 185 (1982), 344-351). Secondly, the E. coll strain carrying all three plasmids is conju- 
gated to an Agrobacterium strain containing an acceptor TI plasmid carrying a region of homology with the inter- 
mediate expression vector essentially as described by Van Haute et al., (EMBO J. 2 411-418, 1983). The 
45 recombinant Ti plasmid, resulting from a single crossover event, is teolated by selecting for the antibiotic resi- 
stance marker carried by the intermediate expression vector. 

As an example, the cointegration of pHD205 vMh pGV3850 arrd of pHD2QB with pGV22G0 Is described. 
Intermediate vectors and receptor TI plasmids used are listed in Table 7 and represented In Rgures 31-33. 

so Example 9.1: 

The intermediate expression vector pHD205 was inserted into the acceptcH- Ti pissmid pGV3850 to yield 
the hybrid Ti plasmid pHDIOSO. As diagrammed in Figure 31, pHDIOSO contains the chimeric Bt2 gene under 
the control of the Pnos pro mo tor, as well as th nopallne synthase gene positioned between T-DNA border 
55 fragments. 

The plasmbj pHD205 was introduced into competent ooli GJ23 cells by transformation according to 
Dagert and Ehdldi (Gene 6 (1 981 , 23-28). To select for E. ^ GJ23 cells transfdnmed with pHD205, the cells 
were plated on LB medium (Miller, Experiments in Molecular Genetics (1972), Cold Spring Hart>or Lat>oratory, 
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New YoriO supplemented with carbentdQin (100 ugAnI). 

Liquid LB n^him was innoculat^ with one of the pHD205 transfonned E. co!i GJ2d colonies and cultured 
overnight (aobut 18 hours). 0.1 m! of this cuiture conjugated w^ 0.1 ml of an overnight culture of the C58Ci 
RifR (al^ called GV3101, Van Larebeke et a].. Nature 25Z 169-170, 1974) containing (pGV3850) Zami>rysld 
et ai (EMBO J. 2^ 2143-2156. 1983} and cuftursd overnight at 28''C on solid LB medium (MQIer, Experiments 
in molecular Genetics (1972), Cold Spring Hartxir Laboratory, New YorfO* 

Aqrotiacterium strains containing hyt>rid Ti plasmkte, resulting from a single cross-over event* w&b l^lated 
by selecUng for the kanamydn-neomydn mailcer carried by the pHI>205 plasmid on mlnlnml A medium (MKler, 
Experiments In Mdecular Genetics (1972), Cold Spring Hartx>r Lat)oratoiy, New Yorl^ supplemented with 
neomydn (400 ug/ml). Aft^ purSication of transconjugants on LB medium (MDIer, Experiments In Molecular 
Genetics (1972), Cdd Spring Hartxir Laboratory, New Yoric) supplemented with ri^pidn (100 ug/M) and 
kanamydn (25 ug/ml). The physicd structure of the T region of one of the transconjugants, pHDI 050, was deter- 
mined according to the method de^'bed by Dha^ et ai., f Nud. Adds Res, 7 (1979), 1837-1849) by hybri- 
dization of labelled pHD205 against Hindlll digested to total DNA of C58a Ri pHDIOSO. The structure 
of the T region of pHDIOSO is diagrammed in Rgure 31. 

Example 9.2: 

The intenmedtate expression vector pHD208 was inserted into the acceptor TI plasmid pGV2260 to yield 
tha hybrid Ti (>[^mfd^pHp^(^^ d^g^anur^ Figim Zl pHD1 076 contains the camera Bt2 gene under 
the ooritrd of the Pssu promoter as well as a chimeric gene containing tlie neomydn phosphotransferase gene 
underthe control of the Pnos promotor, positioned t>etuveen T-DNA border fragments. The Ti plasmid pGV2260.-. 
is described in European Patent Application Numb^ 831 12985.3 (Publication Numt>er0116718). The plasmid 
pHD208 was introduced into competent E. cdi GJ23 cdls by transformation according to Dagert and Ehriich 
(Gene 6 (1980), 23-28). To select for B ^1 GJ23 cells transfonned wfth pHD208, the transformation mbcture 
was plated on LB nmdium (MHl^, Experiments in Mdecular Genetics (1972), Cold spring Hart>or Laboratory, 
New York) supplemented with cart)enicillin (100 ug/imi). 

Liquid LB medium was inoculated by one of the transformed E. ^li colonies and cultured ovam^ht 0.1 
ml of the ovemfaht culture of the E. cdi strain caifylr^ all 3 plramids was conjugated overnight with an ovem^ht 
culture of the C58Ci RiP^ (pGV2260) at 28'*C on LB medium (Miller, Experiments In Molecular Genetics (1 972), 
Cdd Spring Harbor Lat>oratory, New Yoric). Agrobactertum strains containing hybrid Ti plasmid, resulting from 
a single cross-over event between pGV2260 and pHO208 were isolated by selecting fm-the streptomy^-speo- 
tinomydn marker canied by the pHD208 plasnid on minimal A medium (MQIer, Experiments In Mdecular Gene- 
tics (1972), Cdd Spring Hart>or Laboratory. New Yoric) supplemented with spectinomycin (300 ug/ml) and 
streptomydn (300 ug/ml) and streptoniydn (1 ug/ml). 

Transconjugants were purified on LB medhjm (MOIer. Experiments in Molecular Genetics (1972). Cold 
Spring Harbor Laboratory, New York) supplemented with rlfampidn (100 ug/ml), spectinomydn (100 ugfrnA) and 
streptomycin (300 ug/ml). The physical structure of one of the transconjugants, pHD1076, was detenmined by 
hybridizing P32 labell^ pHD208 against PstI digests total DNA of C58a Pm pHD1076 according to the 
method described by Dha»e et al., (Nud, Adds Res. 7 (1 979), 1 837-1 849). The physical stmcture of pHDI 078 
is shown in F^ure 32. 

Example 9.3 

The intermedtete expression vector pGSHISI was Inserted into the acceptor Ti plasmid pGV2260 to yield 
the tiyiHid Ti plasmid p(9S151. 

The method used was a triparental cross according to Dittag et al. (1980), PNAS. 77, 7347-7351. 

Liquid LB mecilum was inoculated with one of the pGSH1 51 transfcmned E. ooli K514 colonies and cultured 
overnight at 37^C. 0.1 ml of this culture was plat^ together with 0.1 ml of overnight cultures of HB101 
(pRi<2013) Hgurski & Helinski (1979). PNAS. 76, 1648-1652 and 0.1 ml of C58CI KP^ (van Larebeke et al.. 
Nature, 2SZ. 169-170) on LB plates and grown overnight at 28''C. 

The cells were collected from the LB plates and dilutions were plated on minimal A. medium (MQIer, Exo- 
erhnents in Molecular Genetics, 1972, Cdd Spring Hartxsr Laboratcuy, New Yoric) supplemented wSh speo- 
tincunydn (300 ug/M) and streptomydn (1 nrtgifM). Transconjugants were purified on LB medium containing 
rifampidn (100 ug/ml), specHnoniycin (100 ug/M) and streptomydn (3CX) ug/ml). The physical structure of one 
of the transconjugants, pGSIISI, was detemtined by hybridizing labeled pGSH151 against Pstl-BamHI 
digested total DNAof C58a RIP(pGS1151) according to Dhaese et al.. NJlR.. 7 (1979) 1837*1849. 
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10, Isolafon of plant cegs and plants containing the ^ilmeric toxin gene treertel m their genome 



Procedure 

5 Two dfffierent protocols are descrft>ed here for the transfbnnation of tobacco plant ceDs wfth transformation 
vectors such as thc^ desoibed in Section 9 and for the generation of callus tissue and/or difTerentiated plants 
from these transform^ cells. 

Procedure 1: Cocultivation of protoplasts 

iO 

This procedure de^:rfi>es ttie oocuttivation of tobacco protopteists wttti Agrot)acterium C58C^ Rif^ and the 
isolation of transfbnned tobacco ceil lines by serening for the presence of a scorabie marker such as nopaline 
orfbrthe expression of a selectable markersuch as kanamydn resistance and the r^eneration of whole plants 
from transformed callus lines. 

15 

Step 1: Preparatfon of Protoplasts 

a) Grow 10-12 cm high Nocotiana tabacum cv. Petit Havana SR-1 aseptic plants for 4 weeks m vitro in 
medium containing half strength of the mineral components as well as h^f strength of the vitamins and 

20 suCTose of the Murashige and Skoc^ medium. (Murashlge and Skoog, Physiol. Plant 1 5, 473^7, (1 962));" 

b) Incubate leaf segments of 3 welj developed young leaves with 20 ml of 1 .4% ceilulase Onozuka R-1 0 
and d.4% macerdzyme 

lowing solution: 
KaZ5g/] 
2S MgS04.7H2p 1 g/I 

KH2P04 0.136 g/l 
Sorbitol 73 g/l 

Polyvinyl pyroGdone - 10 0.3 g/l 

c) Incubate ovem^ht at 24*^ in the dark; 

30 d) Rter through a nylon filter with a mesh size of 50 micrometei; 

e) Centrifuge in 15 ml tobes at 80 g for 10 minutes, remove the supernatant and resuspend the pellet in 
20 ml of the same solution but without enzymes; 

0 Centrifuge for 10 ndnutes at 80 g to remove excess of enzymes and remove the supernatant; 

g) Resuspend pellet in 20 ml of 1/2 strength Murashige and Skoog medium supplemented with 0.22% Ca 
35 2 H2Q and 0.4 M mannitol pH 5.6; 

h) Centrifuge tor 10 minutes at 80 g, remove supernatant; 

0 Resuspend the pellets in 20 ml of medium 55 (see below); 

^ Count protoplasts and dOute to a density of 10 ^ pp/ml. Incubate In 5 cm petri dishes (2.5 ml per petri 
dish) In the dark about four days. 

40 

Step 2: Cocultivations with Agrobacterium strain C58a Ri f^ containing the hybrid T! plasmid (section 9). 

a) A culture of Agrobacterium CSSa Rif^ was grown until saturation in LB medium, centrHuged for 1 minute 
in an Eppendorf centrifuge, supematent renrraved and the cells resuspended in an equal volume of 0.01 

45 M MgCia. When about 30% of the protoplaste have started ttielrfirst ceD dhdslon, 50 ul of ttie bacterial sus- 
pension was added to 2.5 ml of the {mtoplast suspension (thb represente at>out 1 00-500 bacteria per pro- 
toplast). 

b) Incubate 48 hrs. in the dartc 

c) Transfer the ceil suspension to a centrifuge tobe, wash the petri dish wSh the same volume of medium 
so 55 supplemented wffli Oaforan 500 mg/l, and add it to the centr^jge tube. Centrifuge for 1 0 minutes at 80 

g, renwve the supematent and resuspend ttie pellet in the ^me vdun» of medium 55 supplemented with 
Qaforan 500 mg/i. 

d) Transfer to 5 cm petri dishes (25 mi/dlsh) at this moment the ceD densfty is approximately 10^ ce^s^rll. 
Incubate under 400 lux, 1 6 hours a day, at23'*C fbr 1-2 weeks until snail aggregates of 4-8 ceOs are formed. 

ss ) Add an equal vdume of medium 56 (see below). 

f) After 3^ weeks colonies are plated on medium 56 solidified w3h 0.7% agarose, with reduced ntannitol 
concentration (0.2 M instead of 0.44 M), and supplemented wMi Ciaforan 250 mg/l* At this stage the cot- 

nles must contain more than 50 cells/colony. IncaseKimRisusedasaselectatH marker50ug/imlof Km 
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Is added to the medhim as a Section agent 

g) Incubate 2-3 we^ at 800 tux, 16 hours a day, 23^. 

h) Transfer isolated calli to the same medium. Shoot induction occurs. At thte stage, caOus tbsue s taken 
to screen for the presence of nopaline using th procedure as d^cribed by Aerts et al. Plant ScL Lett 17, 

5 43-50 (1979), in cara nopaline is u^ as ^orable maiker. 

Step 3: Regeneratfon of transfomted totMc o o plants. 

a) Grow nopalin e posftlva or kanamyctn resistant caDi for 4 wraks. 
10 b) Transfer the dSfmntiattng caDI on homione Iree Murashige and Skoog. 

c) Grow for 3 weeks. 

d) Separate shoots and transfsr to the same medium, grow for 2-3 weeks tiD plants fonn wcAs. 

e) At this stage small plants are transfenred to grow in 250 ml containers containing 50 ml of half strength 
honnone free Murashrge and Skoog medium. 

15 f) Grow for 2-3 weeks. Remove a lower leaf for nopaTine detectton or omening of kanamydn resistance 
activfty and for innnunologlcal detecfion d the toxin. 

The leaf disc (also at times refenred to herein as leaf s^iments) assay for testing Km resistance of a plant 
is perfonmed as follows. SmaO discs are cut out from *in vjtro* grown plants and transferred to petri dishes con- 
taining callus inducing ntedoim (M&S macro and mioiomitrients and vitamtns 3% sucrose, 500 mg/l Clafioran, 
20 1 mg/l NAA and 0.1 rrtg/l BAP) with various kanamydn ^phate concentrations (50-500 mg/I). 

After three melcsTncutsatkih iri a plartt room, caflus growth~on the leaf discs is monilDred. 

The Km resistance level of the plant is determined as the h'^hest concentration of l<m on which the leaf discs 
stOI give rise to callus tissue. 

Screening for the pr^ence of nopaline (nopaOne assay) is performed according to the procedures des- 
25 crfbed in Aerts IM., Jacobs M., Hemalsteens J-P., Van Montagu M. and Schell J. (1979) Plant Sd, Letters 17, 
43-50. 

Composition of medium 55: 

30 - Half strength of the mamnutrients of the Murashige and Skoog salts 

- 1 nd/I of 1000 X Micronutrients Heller modify 
- 1 mM of 1000 X vitamins Morel & Wetmore 
- 100 ml/I Ino^ 

- 10 ml/I of a stock sdufion containing FeSO^ 5.57 g/l and Na2EDTA 7.45 g/i 
35 - Benzylaminopuiine 1 ml/i 

Naphthalene acette add 3 mg/l 
-Mannitol80gyi(0.44M) 
Sucrose 20 g/l 

^ 1000 X Vitamins Morel Micronutrients Heller 



and Wetmore for 100 ml modified (500 ml) 





Ca pantotenate 100 mg; 


500 


mg 


ZnSO^. 


7H2O 


45 


Biotine 1 mg; 


50 


mg 


H3BO3; 






Niacine 100 mg; 


50 


mg 


MnSO^. 


4H2O 




Pyridoxine 100 mg; 


50 


mg 


CuSO^. 


SHjO 




Thiamine 100 mg; 


15 


mg 


AICI3; 




SO 




15 


mg 


NiCl2 





Composition of medium 56: 

55 Medium 56 is the same as medium 55 except for the addition of naphthalene acefic add at 0^ mg/l and 
glutamlne 1 mM. 
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Procedure 2: Infgctten of leaf segments with Agrobacterium strain C58I Rig containing a hybrid Tl plasmid 

Thte procedure describes the infection of leaf segments with C58CI Rcf^ and the Isolation of transformed 
cell lin^ by sele^on on kanamydn containing medium. 

5 St^e NIcotfana tabaaim cv. Petite Havana SR-1 plants were grown in vitro In plant nutrient agar contain- 

ing half strength of the complete Murashige & Skoog (M&S) salt nnbcture complemented with half strength of 
the organic nutrients and sucrose of ramplete M&S medium. Twenty SR-1 leaf segments of approximately 1 cm^ 
were flmted on 5 ml liquid M&S medium (without homiones) in a 9 cm petri dish containing 0.1 mi of a washed 
bacterial suspersion of C58CI FS^. Incubation occurred on a shaker at BQ nmp in the dailc for 48 h at 25''C. 

10 Subsequently, leaf segments were rinsed twice with M&S medium (without homnones) containing 500 mg/l 
dafbran, and then placed on a nrtedium allowing both callus and shoot fonmation. This medium contains M&S 
maoo- and micronutrients and vitamins, 3% sumse, 500 mg/l Clafomn, 500 mg/l kanamycinsulfate, 0.1 mg/l 
NAA and 1 .0 mg/l BAP. The final pH of the medium is 5.8. Sbc leaf discs are placed per 9 cm petri dish containing 
about 30 ml medium and are incubated for 3 weeks at 23^ (approximately 1 under a 1 8 houre 2000 lux/day 

IS Qlumination cyde. After 3 weeks discs bearing callus and sn^I shoots are transferred to the same nrtedlum for 
another 3 weeks. At that time shoots over 1 cm in length are transferred to M&S medium without hormones 
and without Km containing 500 nrtg/l daforan. Afterwards, shoots are transfierred about every three weeks on 
half strength M&S without hormones and the Ctaforan concentration is gradually decreased (1st transfer 250 
ug/nnl, 2n± 125 ug/ml, 3rd: 0 ug/imi Claforen). During the first transfer to 1/2 strength M&S. leaf nnaterial is 

'20 removed to test kanamydn resistance. Leaf discs are transfened to petri dishes containing callus indudng~ 
medium (M&S macro and mjcronutrients and vitamins, 3% sucrose, 500 mg/I Claforen, 1 mg/l NAA and 0.1 
mg/l BAP) containing different kanamydn sulphate concentrations (50- 500 mg/l). Plants are retested for Km 
resistance on medium without Claforen when the material has been proved to be free of Agrobacteria. 

25 Example 10.1: Callus and plants transfomned with pHPIOSO . 

T>DNA: Pnos-Bt2 (Bt2 gene fused to Pnos) . 

Marker nopallne syntliase as maricer gene with additional border sequence between the Bt gene and the nos 
gene. 

30 Transfonmatfon method: protoplast infection 

Approximately 250 call! have been screened for nopallne and 19% were Nos \ which represents a high 
effidency of trensfonmation. 

In total 180 different callus lines, both nos * and nos ~ generated from these transfomnation experiments 
have been screened for the presence of Bt2 using the sensitive EUSA described above (Sectfon 5.1). Most of 
35 the dones were tested earty after transfonmation during the initial phase of propagation (when only 5 mm diame- 
ter) and some were retested after a period of subculturing (3 months later). On the basis of the immunoassay 
results, a number (25) of callus lines were selects for plant regeneration. From each callus several plants were 
regenerated, and each of them received a distinct number (total of 149 plants). 

The 149 plants were propagated "in vitro* and subsequently 138 were transferred to the greenhouses. All 
40 these plants appeared fiilly nomial, flowered and set seeds. Some plants were tested lor insect toxidty assays. 
From callus lines 161, 165 and 206, total DMA was prepared and the integration of the Bt2 gene was analyzed 
in Southem bfotting. Integration of at least 1 copy of the Bt2 gene/genome was detected. 

Example 10.2: Callus and plants transformed with pHDIOSO 

45 

T'DWc Pnos^ t2 

Selectable marker kanamydn resistance (Km) 

Transformatton method: protoplast infection (procedure 1) and leaf disc infection (procedure 2). 

Following procure 1, kanamycin resistant protoplast dones were obtained and grown as calll. Calll were 
so selected at random and were put in generation medium for shoot fbnrtation. Shoots developed and isolated 

firom these kanamydn resistant dones were propagated as plants "in vitro. " Thereafter some of these plants 

were transferr^ to the greenhouse. 

Following procedure 2. kanamydn resistant callus tissue and shoots were induced. Undoned callus tissue 

was kept in continuous culture "in vitra * Kanamydn resistant shoots were Isolated and were propagated *in 
55 vitro" as smaQ plants (2-6 cm). These smaH plants were retested for kanamydn resistance using leaf disc assay 

(50 ug/htl Km). The shoots ttiat were deariy resistant at this concentration of kanamydn were selected for 

further vitro" propagation. Rants were eventually transferred to th greenhous . Using southem blotting 

analysis the presence of both the NPTII gene and the Bt2 gene was confimied In the leaf tissue of these plants. 
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Example 10^: Calli and plants transformed with pHD1076 

T-DNA: Pssu-6t2 (Bt2 gene fused to Pssu) 
Selectable maiten kanamydn resistance 

5 Transformation method: leaf disc Infection. 

Using conditions described In procedure 2 either callus transformation of shoot induction was performed 
on the infected leaf discs. Using the callus indu^n protocol, a number of calli were obtained by part^ puri- 
fication and nrmintained as separated semi dones. On the basis of positive Inrtmunoassay results 5 of these 
lines were selected for further propogatlon (1Q7&4, 10. 11* 12, 13). From the shoot Indudion protocol used in 

10 the initial stage of leaf disc infection a number (72) of kanamydn resistant plants were regenerated (selection 
on 50 ugAnl Km). 

When retested by leaf disc assay 65% of these proved to be truly resistant to 50 ug/ml Km. From leaves 
of Sonne "in vitro* propagated plants, callus tissue was generated and propagated "in yitro' for further testing. 

IS Example iOA: Calli and plants transfbnmed with pHDIOSO 

T-DNA: Pssu - Transit peptMe (Tp) Bt2 

Selectable maricen kanan^ctn res{stance/(Nos) 

Transfonmation method: leaf disc infection. 
20 Kananr^cin resistant^li and shoot were induced following procedure 2. Approximately 20 kanamydn 

resistant caliuslthes were anah^d for nopaline expression and all were found positive. 86 kanamycin resistant 

shoots were selected, propagated In vitro* and retested for kanamydn resistance (using the leaf disc;assay) 

and for nopaline expressbn. 

52 plants (60%) were both kanamydn resistant and nopaline positive, and these were further propagated 
25 *1n vitro/ Approximately 10% of the plants expressed only one of the two ir^rkers. 

Example 10.5: Plants transformed with pGS1110 

T-DNA: Pnos-BtNPTII (fusion) 

^ Selectable marker kanamydn reslstance/Nos 
Tranformation method: leaf disc infection. 

Leaf discs from "in vitro* maintained SR-1 plants were Incubated during 48 hours with a suspension of 
Aarobacterium tumefadens C58CI Rif^ pGS1 110 (procedure 2). Similar dilutions of different control strains con- 
telnlng chinteric genes encoding intact NPT1I were Induded. After two weeks acthre shoot fbnnnatlon on M&S 

35 medium containing 50 mg/i kanamycin was observed both vWth the controls and pGS1 110. However, after trans- 
fer to fresh selective M&S medium, a difference became apparent between the contrds and pGSIIIO. Some 
shoots on discs Inoculated with the latter strain tumed yellow and were growing slowly. The best growing and 
green shoots were tran^rred to medium without kanamydn. Part of them could be rescued in this way and 
started growing nomnally after the second transfer on kanamycin firee medium. 

40 About 70 shoote were rescued from the pGS1 110 transformatton experiment Screening among 35 of these 
shoots showed that 28 of these (85%) were real transformartte since they produced nopaline. Thte important 
ot>seivation suggeste that, although the shoote have not been maintained for a long period on Km conteining 
medium, phenotypical selection for the expression of the fusion protein had occunred. 

The obtained shoots were propagated *tn vitro* as small plante on nonselective medium. A numt>er of these 

45 plante were tested for Km*^ resistence using the leaf disc assay. Most of them expressed a certein level of Km>^ 
since they formed caUus on Km conteining medium. Variable resistence levels were recorded In the range of 
50^500 mg Km/liter. However, most of the plante were only resistant to low levels of Km. Two out of a total of 
61 plante showed resistance to 200 ugfml Km and partial resistence to 500 ug/ml Km (very weak callus growth). 
For a number of plante, copies were transterred Into vermlculite pote. When reaching 10-15 cm height a 

50 first insect toxidty test was performed on leaves of these plante (see section 13). 

Example 10.6: Plante transfomied with pGS1161 

T-DNA: PTR2-Bt2 
55 Sel^teble marker kananvydn resistence 
Transfomnation method: leaf disc Infection. 

Leaf discs from In vitro* maintained SR-1 plante were incubated during 48 h with a suspension of Aqrobao- 
terium tumefadens C58a FW* pGS1161. As a contrd a A. temefadens (^80 RiP p<3S1160 conteining NPTII 
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under control of pTR was indudecL After two weeks shoot fonma&tn on ntedlum containing 50 kanamycln 
sulphate was observed. After three weeks discs were traftsferred to fresh selective medium and after another 
three weeks ^e best growing shoots were transferred to kanantydn tree medium. The level of Km*^ is deter- 
mined systematicany using the leaf disc assay. Most plants show^ high levels of resistance (callus fonration 
5 on 500 ug/ml Km). 

Example 10.7: Plants transformed with pGS1151 

T-DNA' FTR2-BtNPT2 (fusion) 

10 Selectable marker kanamydn resistance 
Transfonmation method: leaf disc infection. 

Leaf discs from "in vitro* culth^ted SR-1 plants were incubated during 48 hrs. with a si^pension of Agro bac- 
terium tumefadens CS8a RiP pGS1151, As a contrd A. tumefadens CSSa RiP PGS1160 containing NPTII 
under control of pTR was included. 

15 Shoot formation and development of shoots on medium containing 50 mg/l kananrycin sulphate was slightly 
slower on discs treated with pGS1 151 than in control discs (pGS1 1 60). After three weeics discs were transfenred 
to fresh selective medium and after another four weeks the best growing shoots were transferred to kanamycin 
free medium. The shoots were propagated In vitro' as plants and the level of Km^ of these plants was deter- 
mined systemattcaliy using the leaf disc assay. A numt>er of plants were completely resistant to 500 ug/ml Km 

20 (normal callus growth). This data indicates that the PTR promoter directs iiigher levels of fusion protein exp^ 
ression in totmccq leaves than the Pnos promoter (pGS1 110, Example S^n this section). 

Copies ofthe plants wsiie transferred to pots and grown in ttie greenhouse. On a selected set of plants, 
those showing high Km resistance, detailed insect toxicity tests were performed (see Section 13). The level of 
Km*^ is determined systematically using the leaf disc assay. 

25 

Example 10.8: Plants transformed with pGS1162 or pGS1163 

T-DNA: PTR2-Bt2/820 - PTR2-Bt2/884 
Selectable marker kanamydn resistance 
30 Transfbrmatton method: leaf disc infection. 

Leaf discs obtained from In vitro" grown SR-1 plants were infected with AgrobactBrium tumefadens C58CI 
RiP pGS1 1 62, pGS1 1 63 or pGS1 1 60 (as control). Discs were transfenred to media containing different iCm con- 
centrations (50-1 00-200 mg/l). Shoots obtained on all tfiree concentrations are transferred to Km free medium. 
Km resistance was checked by leaf disc test on callus inducing medium containing 50-^00 ug/ml Km. 

35 

Example 10.9: Plants transformed with pGS1152 

T-DNA: pTR2-BtNPT860 

Selectable marker kanamydn resistance 
40 Transfionmation method: leaf disc infection. 

Leaf discs obtained from Hn vitro" grown SR-1 plants were Infected with Agrobacterium tumefadens C58CI 

Rif^ pGS1 15Z Discs infected with Agrobacterium tumefadens CSSa Rif^ pGS460 were induded as a control. 

Discs were transferred to media containing different Km concentrations (50-100-200 m!/l). Shoots were 

obtained on all three concentrations, although less abundant than in control discs infected w^ C58C1 RiP^ 
45 GS1160. 

11. immunological detection of Bt2 protein in engineered plant tissues 

Expression of Bt2 In engineered plants (either callus tissue or dlfTerentiated plants) was nK>nitored using 
50 the EUSA described in Section 5 and adapted for assaying plant extracts. 

Condffions for preparing and assaying plant extracts were established in reconstruction experiments in 
which purified Bt2 protein was ntixed with plant extracts. 

In reconstruction experiments we observed no significant loss in antigenic activity of Bt2 protein (less than 
20%) due to the presence of plant ^dracts. In the EUSA assay, as littie as 0.1 mg/ntl purified Bt2 protein was 
55 stDI detectable. However, in reconstruction experiments a certain variabQity in Imckground occurs, probably 
caused t>y plant proteins present in extracts. Therefore, reliable detection limit in these oondKions was of the 
order of 1 ng/g tissue, which corresponds to a level of 2 ng Bt2 protein per g of plant tissue. 
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11.1 Scrsenfng of Individual cafli 

For the immunolc^icaJ screening of individual cafll, the fbUowing experimental procedure w» estat>lished: 
Two hundred mg of callus ^ssue was mixed with 150-200 ul of extraction buffer. Extraction tniffer had the 
5 foDowlng composMon: 50% of a solution of CQs 500 mM and DTT 100 mm and 50% fetal caff serum. The 
tissu was homogenized t>y crunching with a spatula whereafter the ceO det>ris were centr^ged. Rf^ ul of 
supematants was added to 50 ul of PBS pH 7>4 ^ 1 0% fetal caff senrni In weDs of a microtitBr plate coated with 
goat antitxKiies against B.t ay^ protein as descr1k>ed. During the entire procedure the samples were kept 
in ice and the microtiter plates were incut)ated at 4''Cfor 1^ - 2 hours. Thmafterthe EUSA procedure ws 
10 continued as descril>ed in 5.1 for detection of Bt2 protein with either rabbit anti-Bt2 semm or wSh a mbcture of 
monoclonal antl-Bt2 antibodies 4D6, 10E3, 1.7, and 4.8 (under the form of culture supematants). 

Example 11.1: Analysis of call! transfpnned wfth C58a Rg pHDOSO. 

IS Transfornrted callus donra were obtained through the fmtoplast cocuitivation method as described in Sra- 
tion 10 Example 10.1. Since 19% of the clones were found to express nopaline (Nos % at least 19% of them 
were transfomied. However, due to an addffional border sequence in the intermediate expression vector 
(pL6V2382) the nos gene and the Bt2 gene can be inserted independently as well as tandemly. Therefore both 
Nos * and Nos ' dones were screened in the EUSA assay. 

20 _ A total of 1 BO callus dones (130 nos ~, 50 nos ^ wm tested. Some of the dones were retested once or 
twice at different time intervals dfter ttie tnilial propags^n from protoplast cultinB. In none of the cases could 
a dear posithre signal be recorded. When the substrate reaction times of the assay were prolonged.(oyemight 
incubation at 4''C) some of the dones (both nos * and nos produced a very weak signal above the back- 
ground (background being control callus withcnit Bt2 gene). However, since the obtained values were deaily 

25 below the reliable detection limS of the test system, no fkm condusksns could be drawn concerning the exp- 
ression of Bt2 protein In these callL 

Example 11.2: Detection of Bt2 protein in tobacco callus tissue transformed with C58a Rig pHDIOZa 

30 Transfonned callus tissue obtained from leaf segment Infections using Agrobacterium strEun C58CI RiP 
(pHD1076} (see Section 10, Example 10.3), were screened immunologically for the presence of Bt2 protein. 

After initial propagation call! were transfenred for a %cond time after 20 days. When they reached optimal 
growth, 200 n^ was used from each callus line for Immundogical greening in the EUSA. In a first experiment 
9 out of 14 transfonmed calll showed a posttive signal dearly above the background obtained witti the 4 control 

35 calii (untransfbnned SR-1 callus), when reacted with a specific rabbit anti Bt2 serum, (see Hgure 34). Three 
transformed calli gen^ated a signal corresponding to approxinmtely 5 ng Bt2 protein per gram tissue, as deter- 
mined by comparison with a positive oontrd (control SR-1 mixed wSh a known amount of Bt2 protein). All sanv- 
ples gave signals equal to background level signals (obtained wfth SR-1 control callus) when reacted with 
normal rabbit serum as a n^ath^ control, in a second experiment 13 out of 21 transfonmed calli yielded a signal 

40 significantly above background (Rgure 35). One of the calli generated a signal conresponding to 4 ng of Bt2 
per gram tissue. These results Indicate that Bt2 protein is produced at a detectable level In a fraction of the 
calli transfonned with pHD1076. 

About 5 weeks after the fir^ EUSA experiments, 4 sd^ited lines (1076-1 0. 1 1 , 12 and 13) which in the 
initial screening gave high positive values, were retested In EUSA From each line several "subdones" were 

45 tasted (the ordinal callus had been divkled in pieces whidi were propagated independently in the next growth 
cyde; each new piece is referr^ herein to as a subdone). From 1076-10, one sut)done was positive, one n^a- 
tive, from 1 076-1 2, 2 subdones were positive, from 1 076-1 3, 3 subdones were posHh^e, 2 were negathfe. These 
results indicate that caUus ttesue or^inally scored as B.t positive might, when further propagated, ghre rise to 
B.t negathre callus. 

50 

1 1.2 Petectfan of Bt2 In pooled caDus extracts 

In order to perform detaOed bnmunoassay greenings with an increa^d sensitivity of dete^on, concen- 
trated extracts from largeramounts of transfonned callus tissues ware prepared. The procedure devel ped here 
55 for obtaining an extract enriched in Bt2 protein, is based on the property of Bt2 to precipitate at pH 4-6. 
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Example 11^1: Calli transformed with pHD1076. 

Transfbmrted caDi using pHD1076 were grown on medium containing 0.05 n^Anl kanamycin sulfete and 
140 g of undoned transformed calll were coDected (a pool of callus lines 107&4, 10« 11, 12, 13 and a number 

5 of unscreened lines). An extract was made by homogenizing the calli in the presence of 70 ml extraction buffer 
(NaaCQa 500 mM, pH 10, DIT 5 mM, PMFS 170 ug/ml). 

The supernatant obtained aft^ centrifugation at 15,000 rpm was dOuted by adding 50 ml phosphate t»jf- 
fered ^ine pH 7«5. Sut>sequenfly the pH of the dButed extract was brought to pH 6 with 1 M HCI and it was 
incubated for 20 ntinutes at 0*^ and the supernatant isolated by centrifogab'on and stored at 0% (fraction pH 

10 6). When pH was brought down to 4.5 a new precipitate was isdated fraction pH 4.5) In the same way. The 
pellets were washed once with H2O and sutisequentty lncut)ated for 20 minutes at rocnn temperature in the fol- 
lowing buffer NaaCQs 500 mM pH 10, DTT 50 mM, PMSF 170 ug/ml (pellet pH 6 in 1.5 ml and pellet pH 4.5 
In 2 ml). 

The mater^ solubilizing in these conditions vms isolated after centrifugation at 1 5,000 rpm and these sanrv 
IS pies were called 1076 pH 6 and 1076 pH 4.5 respectively. 

A completely identical procedure was used to prepare extracts from nomnal SR-1 callus material (used here 
as a negative control) and resulted in two preparations called SR-1 pH 4.5. Total protein content in these sam- 
ples was: 



20 


1076 


pH 


6 


600 


ug/ml 




1076' 


pH 


•4v5-- -■ - 
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ug/ml" 




SR-1 


pH 


6 


380 


ug/ml 
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SR-1 


pH 


4.5 


3840 


ug/ml 



In order to evalaute the efficiency of the procedure a reconstruction experiment was done in which 1 ug of puri- 
fied Bt2 was added to 20 g of SR-1 control callus tissue at the initiation of the sample homogenization. Presence 
of Bt2 protein in these extracts was detemnlned using the EUSA (with goat anti-Bt crystal serum and rabbit anti 

30 Bt2, 6002). A strong reaction was recorded in fraction 1 076 pH 4.5 as compared to the negath/e control (SR-1 ). 
Fraction 1076 pH 6 gave a s^nal which was only slightly higher than SR-1 pH 6, indicating that this fraction 
only contained a minor part of the Bt2 protein content. 

In the EUSA, fraction 1 076 pH 4.5 also gave a significant reaction with five different monoclonal antibodies, 
speclficfDr Bt2 protein, namely 1.7, 4D6, 4.8, 1 0E3 and 1 F6 (see Figure 36). Thte strongly Indicates that fraction 

3$ 1076 pH 4.5 contains Bt2 protein which is in the same conjuration as the bacterial Bt2. 

In the following we attempted to remove Bt2 protein from the extract using a procedure of frnmunoprecipi- 
taflon. A 5% volume of rabbit anti-Bt2 serum was added to ttie extract which was incubated at 4*>C for 1 hour. 
Subsequentiy a 5% volume of goat anti-rabbit ig serum was added, followed by 1.5 hours incubation at 4*>C. 
The predpitate was removed by centrifugation and the supernatant was tested in the EUSA. This supernatant 

40 contained at least 1 0 times less Bt2 activity than the original 1076 pH 4.5 fraction, indicating tiiat the material 
which generated the positive signals in EUSA could be spedfically removed by anti-6t2 antibodies, again con- 
firming the Bt2 nature of the positively reacting substance in EUSA. 

In a next experiment the above samples were dialysed against carbonate buffer pH 1 0. A quantitative deter- 
mination of the Bt2 content of extract 1 076 pH 4.5 was performed by testing dilutions of the extract and a solution 

45 of purifi^ Bt2 protein as a standard in the EUSA. The value determined was 122 ng Bt2Aml extract (total volume 
2 ml). Reconstruction experiments (Bt2 added to SR-1 control callus at the beginning of the extraction), indi- 
cated that only 20% of B!2 protein is lost during the extraction proc^ure and tiiat 80% fs contained in the pH 
4.5 fraction. Based on ttiese results, one could calculate that the total anrKJunt of Bt2 protein originally present 
in 140 g callus was 305 ng, which is 2^ ng/g, a result that agre^ well with the original estimates made for the 

so screening of indrvidual caOl (see Rgures 34 and 35). These data show that Bt2 protein present In retracts from 
transfbnned caOl can be specifically concentrated using a predpitation procedure at pH 4.5 as described above, 
allowing us to quantify more accurately the amount of Bt2 protein produced in the^ plant tissues. 

Example ^^JZ2: CaBI transformed with pHDIOSO. 

65 

A 500 g pool of selected callus clones (on tite basis of previous EUSA teste on individual calli, approxinv 
ately 25 callus lines, which gave >^ues at>ove background, were selected) and homogenized in the presence 
of 1000 ml extraction buffer using the same procedure as described In Example 1. Materia! which remained 
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solut^e at pH 6, but precipitated at pH 4.5 was Esolated by centrifugatfon and subsequ ntty redissolved In a 
snmn vofun^ of cartxmate buffer pH 1 0 (see ExampI 11^1). Analysis of the nrnterlai in EUSA revealed posi- 
tive s^nals oorrespondtng to 60 ng/M Bt2 or 1^ r^g callus tissue (Table 8). 

5 Exanipl 11^.3: Cafli transfonned with pHD1060 and pHD1080, 

In this example a slightly diffierent and more extei^ive extraction (votocol was used for the i^ation of Bt2 
protein from the engineered plant ntaterU. A protocol was developed to recover eventual residual Bi2 protein 
that would not be sohibOized In a single extra^on step as us^ In the procedure of Example 11.2.1 and 

10 i^J2J2. Such could be the case, since Bt2 protein contains some h^hly hydrophobic regions which possa)ly 
interact with plant cell mmnbrane stru^ures and therefore would be dSTicuIt to sotubDize In the absence of deter- 
gents. The step by step procedure used here would allow the recovery of additional proteins assodated vM\ 
insoluble plant ceD structure. A schonatic representative of the protocol is given in Figure 37. 

A first protein firacSon is obtained by extraction In carbonate buffer pH 1 0 + DTT and concentration through 

IS add predpitatk>n (pH 4JS) (fradion I). Thfe fraction corresponds to the pH 4^ extract obtained using the pro- 
cedure In Examples 11.2.1 and 11.22. 

Material not solubQized in thte ftet extraction step and remaining in the peflet is then treated with th same 
extraction buffer containing 1% Triton X-100. Proteins, solubDizing in these oondittons and precipitating at pH 
4.5 are contained in fraction II. The la^ step involves solubilization in 2% SDS foDowed by acetone predpitation. 

20 yielding fraction IIK Fractiorra I and II are analysed in EUSA and Westem blotting; fraction Ul, which contains 
SDS, is only anat^ed in Westem tdotting. 

EUSA results are given In Table 3: posSve signals were detected in fractions I and II of k>oth constructions ^ 
1060 and 1080, corresponding to Bt2 levels of respedively 1.9 and 1.4 ng/g ordinal tissue (fir. I) and 0.27 and 
0.29 ng/g (fr. II). Westem blotting of the SDS sdubOized material (fradion III) revealed the presence of a faint 

25 approximately 130 Kd band for both 1 080 and 1 080 callus material (using rabbit anti-Bt2 serum). Detection limit 
of the Westem blotting was 10 ng/lane, therefore these fractions contained at least 0.39 ng/g for 1060 and 0.5 
ng/g for 1080. 

Westem blotting of fractions I of 1 050, 1 060 and 1 080 did not reveal the presence of a 1 30 Kd band probably 
because the concentration of Bt2 protein Is too low in these fractions. 

30 The present results Indicate that low levels of Bt2 protein are indeed expressed in calll transformed with 
pHDIOeo and pHDIOSO. Although smaU scale analysis of Individual call! might not aUow detection of 
brmtunopositive dones in these constructions, a more r^orous extradion and concentration procedure on a 
pod of selected call! dearly re^ts in reliable and quantitative detection of Bt2 protein. A sut»stantial fraction 
of the Bt2 was strongly bound to insduble plant material and could only be released upon use of detergents 

35 such as Trton and SDS. 

11.3 Detection of Bt2 protein in leaves of regenerated transfonned plants 

For the routine toting of leaf samples the following procedure was established: 
40 Green leaf tissue ^00-400 mg) was taken from *in vitro' grown plants (5-1 0 cm high as described In Section 

10, Example 1) and homogenize in the presence of extradion buffer (200 ul), containing 50% of: Na2 CQs 
500 mM, lOOmM DTT, 480 ug/ml leupeptine (Sigma, L-2884), 2 mM PMSF, 2mg/ml ascorbic add (Sigma, A- 
7631 ), 2 xfM EDTA and 50% of PCS. The tissue was homogenized tyy crunching with a spatula whereafter the 
cell debris were centrifuged. Thereaft^ the sante EUSA procedure was followed as described for tiie screening 
45 of callus tissue (see Section 11.1). 

Example 11.3.1: Detection of Bt2 protein In tobacco plants transfonned witti (»8CI Rig pHD 1050. 

Leaves from the "in vitro* propagated plants (70 individual plants regenerated from 25 seleded callus 
50 dones) wm tested for Bt2 expression in tiie EUSA using conditions described above. 

From 70 plants tested, 5 gave a dear posith^e reaction above background obtained with leaves of urrtrans- 
fbmned SR-1 corresponding to Bt2 levels ranging frcm 6 to 25 ng per gram wet tissue (see Table 9). 

One of th plants wfth the h^hest value (plant no 161-9: 25 ng) was studied in more detaQ. Leaf extrad 
reacted positively witfi a rabbit anti-6t2 serum and with a mfocture of m nodonal antitKxIies specific for the Bt2 
55 nrdecule (undDuted culture supematants from dones 1.7, 4.8, 4D8, 10E3). Furthermore ft did not read witti a 
pod of monodonals displaying an Irrelevant spedfldty. The plant extrad was rstested at least twice afterfreez* 
ing at -20*^C and thawing, using the same reagents. Identical results were obtained each time, however, the 
level of Bt2 d^lnes gradually witii each cyde of freezing/thawing, probably as a result of Bt2 protein degra- 
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dation. 

Rant 161-9 was ret^ted after R had been propagated in greenhouse oondrtions at a stage when ft was 
about to flower. Again a dear positive signal was obtain^, this time corresponding to a level of approximately 
5 ng BtZ^gram tissue. 

6 This re^lt indicates that the levels of Bt2 protein detected in engine^ed plant leaves might vary consid- 

erably depending on the plants age, growth conditions, etc 

Example 11.3^ Screening of tobacco plants transfbnned with C58CI Rflg pHD IPSO. 

10 Screening of 76 In vitro* propagated kanamydn restetant plants did not yield dearly Bt2 positive plants 
using the ELISA method described in Example 11.3.1. 

Example 11.3.3: Screening of tobacco plants transformed with C58CI Rig pHD1076, 

IS l.eaf extracts frtun In vitro* propagated plants obtained through the shoot induction method were screened 
in EUSA (methcKl as in Example 1 1 .3.1). Seventeen plants wm tested and none of the% gave a positive sig- 
nal. Sut^equently, an additional numba* (21) plants were screened when they were grown in pots and 1 5-20cm 
high. A^i&i no positive signal above badcground were recorded in ELISA upon screening of these plants. 

20 Examine 11.4: Screening of tobacco plants transformed with pHDIOSO. — - - - - 

~ About 30 *in vitro* propagated plants were screened in EUSA One plant (plant no 174) gave a positive 
signal corresponding to 20 ng/g Bt2 both with rabbit ant^t2 serum and a pool of monodonal anfitiodies. The 
extract from this plant was consistently posfth^ upon retesting in sut>sequent experiments. 

25 

11.4 Detection of Bt2 protein in callus ttesue derived finom leaves of transformed plants 

The data ouflined in Section 1 1.1, Example 11.1.2, 1 1.3, Example 11.3.3 suggests that the Pssu promoter 
construdions used here (pHD1076) are less active in differentiated plant leaves than in callus. 
30 To inv^tigate this further, new callus tissue was generated from leaves of the same plants used in the 
previous assays. Leaf discs were cultured on callus inducing medium and a f^ weeks later the callus material 
was collects and analyzed In a similar procedure (the only difference being that a Tris pH 7.5 buffer was used 
in the Step I extraction instead of a Na2 CO3 pH 10/DTT buffer). 

Callus, induced sbnultaneously from untransformed SR-1 leaves, was used as negative control. 
35 EUSA analysis of the pHDI 076 transformed call! revealed detectable amounts of Bt2 protein (Table 1 0). 

These results show that a chimeric gene wfth the Pssu promoter from pea in the construction used herein 
is fundional and induces expression of Bt2 protein in tobacco callus tissue derived from leaves, that did not 
expr^ detectable amounts of the same protein. Thus a chimeric gene that directs expression in undifferen- 
tiated callus tissue may not necessarily be active to the ^ma extent if at all in dHTerentiated plant leaves. 

40 

12. Insedfddal acth^ty of the Bt2 protein produced in engineered calll 
Procedures: 

45 Toxicity as^ys were performed on first instar larvae of Manduca sexta, fisd on artificial diet Three to four 
ml of liquid artifidal diet (Bdl, R.A. & Joachim, F.G. (1976) Ann. Entomd. Soa Ann. 69: 365^73) were dis- 
pense in eadi compartment (4 cnf) of square Petri dishes. Fonmaldehyde was omftted from the diet After 
the diet had become solid, 200 ul of a known dflufa'on of sample was apfriied on the surface of the diet and dried 
in a oool air flow. Four newly hatched larvae were placed into eadi compartment Growth and nK>rtali^ were 

so fdlow^ over a period of 3-5 days. 

Exampl 12.1: Callus extract from calli transfcymed with pHD1076. 

A concentrated xtradfrom a pod of calli, transfonmed with pHD1076 was prepared as descritsed in Section 
65 1 1 .2 Example 11J2.1 . E^drad dilutions were applied nto th surfiace of the diet and its toxicity was evaluated. 
The extracted material 1076 pH 4.5 dearly had a toxic efled on the Manduca sexta larvae: at 12.5 ul/crri^ all 
larvae showed growth inhibition and at 50 ul/cm^ 100% died (Table 1 1). Toxic acthdfy of this material was sig- 
nificantly diminished after immunopredpitation (100% normal growth at 12.5 and 25 d/cmi^ and only 37% death 
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at 50 ui/dh^). Indicating that the toxic acthdty can be defdeted by anti-8t2 antibodies. Extract firom untransformed 
SR-1 caHus tissue, the negativ control, was comptetBty nontosdc Since the pre^nce of Bt2 protein In the ext- 
racts was quantified EmmonoIogicaDy, we ccHdd correlate the observed toxidty with the detenmlned Bt2 conce 
ntration. The invmjnoassay values indteated that 1076 pH 4 contained 122 ng/hnl BtZ Thus, 50 ul extract per 
5 cn^ corresponds to 6.1 ng Bt2 protein/cnl^. Previous toxidty assays witii Bt2 n IVIanduca (Section 5^ Table 
3) indicated that Bt2 at 12 ng/cm^ is 100% lethal whDe 2.5 ng/cm^ induces growtii inhibition. 

Together ttiese results Indicate that tite Bt2. expressed in engineered callus tissue. Is a functional toxin 
and displays toxicity which is in 4he same range of potency as the bacterial Bt2 gene pnoducL 

io 13, Insectiddal a<^ivity exhibited by leaves of transfonned tobacco plants 

Procedures: 

In order to evaluate the insediddal activity expressed in leaves of transfonned tobacco plants the growth 
15 rate and mortality of Manduca Sexta larvae feeding on these leaves was recorded and compared with the 
growth rate of larvae feeding on untransformed SR-1 leaves. The fonowlng procedures were used: 

Procedure 1 

20^ Suteequent ex|3erimente wm COTied jout on leaf discs placed in Petri dishes. Four leaf discs of 4 on 
diameter were punched out placed on wet ftter paper on a Petri dteh together with 4 x 10 first Instair larvae of 
M. sexta. Preferentially young leaves firom the upper part of the plant were used. Twenty-four hours later a seor 
ond disc was added. Between 48 hours and 100 hours after initiation of the experiment the number of moulted 
insects were counted at regular time intervals. From this we could calculate the MT50 time at which 50% of the 

25 larvae had nrK)ulted. The whole experiment was conducted in a growth chamber at 26^C, 90% relative humidity 
and under a photopertod of 16 hours light and 8 hours darkness. 

In order to estimate the toxin levels required to have a notable effect on growth rate and viability of Manduca 
sexta larvae In the present experiment, a series of reconstruction experiments had to be induded. To this end 
purified sdubilized Bt2 protein (Section 5.1) was serially diluted In PBS containing 0.5% Triton X-100. Standard 

30 volumes of Bt2 solution were mechanically sprayed (to obtain a very- homogenous coating) on tobacco leaf 
discs. Ten LI (fvst instar) larvae were placed on each leaf disc, and 3 discs were used per Bt2 concentration. 
Qrowtii rate and rrrartality of the larvae were followed over a 100 hour period. 

Procedure 2 

35 

A procedure essentially sImSar to the previous one was also used. This experimental protocd was however 
somewhat more extensive in order to be more effective In reliably detecting very small effects on larval growth 
rate. The set up was different from the previous one In the fdiowing aspects: 

- care was taken that afl plants were in exactiy the same stage and condition so that the effects on larval 
40 growth caused by differences in the condition of the leaf tissue would be minimal. 

- larval growth was followed up to the L3 stage (unlike previous experiments where growth was only moni- 
tored up to L2). 

- not only the moulting time of ttie larvae was recorded but also larval weight in tiie final stage was 
measured. 

45 The plants used in tills set up were grown in the greenhouse until they reached a height of 60-80 on, but 
were not flowering yet Leaf discs were cut out placed on wet filter paper in Petri dishes and 1 0 first instar larvae 
were placed on each diso. Per plant five groups of 10 larvae were used (5 leaf discs). 

Growth rate and mortality were followed over a 7 day period (at this time neariy 100% of the controls were 
in the L3 stage). 

50 

Example 13.1 

Plants transfbnmed witii pHDIOSO, 1060, 1076 and 1080 were so^ened in the insect assay following pro- 
cedurs 1 . No significant effect n growth rate and viabOrty of tfie larvae could be recorded using this procedure. 
ss Results of a reconstruction experbnent witii purified bacterial Bt2 protein were as foilovra: 

Growth inhibition but no mortalOty was observed at 25 ng/g and approximately 50% mortality at 50 ng/g. 
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Example 13^ 

An extensive toxtc&y using procedure 2 was done on a number of fransfbmied plants that were previ- 
ously scored as Bt«- hi fmmunoassays. These plants were 
s 161-9 (Pnos-Bt2, no8+) (pHDIOSO Example 1 Section 10) 

147 (Pnos-Bt2, nos+) (pHDIOSO Example 1 Section 10) 
174 (Pssu-Tp-Bt2, Knrt*. nos+) pHDIOSO Example 4 Section 1 0) 
As controls a Bt ~ plant (161-6) and an untransformed SR-1 vi&e used. Results are presents in Table 12. 

A) The number of laivae that were stOi in the La stage, or already went to or died, at 150 hours after 
10 initiation of the t^ aeariy the L2-L3 transition is somewhat earii^ in the groups of larvae feeding on SR-1 

and 161-6 as compared to tho^ feeding on the Bt * plants 161-9, 147 and 174. In none of the groups has 
s^nlficant mortality been recorded (10% or less Is considered as background). 

B) Mean larval weight at the end of the experiment is presented in the upper row (larvae in 5 groups of 1 0, 
deviation calculated on the mean values of these groups). 

IS Below are the weight values calculate fbr the 5 largest larrae frcm each group of 1 0. The% results are 
compatitile wfth the kinetics of the L3-Ij4 transition: control larvae are somewhat larger than larvae feeding on 
Bt '^plants. 

Example 13^ 
20 — 

^,lns^ tpxidSy assays were done on leaves of pla^ obta^^ finom ttie trar^rmation procedure with 
' piGSIIIO (Section Yb; Example 10.5). Plafitev^ perfomried foiiowing procedure 1. 

L1-L2 transition was monitored and 2 groups of 10 larvae were used per plant A s^nifk:ant growth inhibition 

effect, exhibits by some of the plants on M. sexta larvae, was observed. Data on the L1-L2 ratio after about 
25 3 days of feeding, are presented in Table 13. Control plants included in these experiments were transfonmed 

with vectors containing Pnos-NPTII only. In Exp. 1, from the 8 plants putativ^ transformed with pGSIIIO, 3 

product growth inhibition (N20-38, N20-22, N20-18) as compared to the 3 control plants (CI, C2, C3). In Exp. 

2, one plant (N20-37} out of 6 produced growth inhibitton when compared to the 4 contrx)! plants (C4, C5, C6. 

C7). The differences in growth rate are apparent when complete growth rate curves are compared (see Rgures 
30 38 and 39). 

The same plants were also screen^ for the presence of nopafine and for resistance against kanamycfn, 
in order to determine whether they were real transfbrmants. The results of the screening data on the plants 
used in the pr^ent ins^ tests are compQed in Table 14. All four plants that showed an effect on larval growth 
are among the positive transfonmants, since they are Kanamycin resistent (Km*^ and nopallne positive (nos+). 

35 

Example 13.4 

Insect toxteSy assays were performed on leaves of plants generated through transformation with pGS1 151 
(Section 10, Example 10.7). Piante were 15-30 cm high at the time of testing and had been grown in greenhouse 
40 conditions. 

Two independent experimente are described below: sonte of the piante tested in the first experiment were 
retested in Expernment II, in order to confirm the observed toxidly effiecte. 

Experiment I: 

45 

The test was perfornted as described in Procedure 2 (this section) exceptthat only two groups often larvae 
wre used per plant (newly hatched Manduca sexte larvae). 

Growth rate and rrovtalOy of the larvae were followed over a 7 day period and the larval weight at the nd 
of this period was detemtined. DetaQed re^te from Experiment 1 are represented in Table 15 and indicate that 

so larvae fe^ng on several piante transfonned with pGS1 151 showsignificantgrowth Inhibition inthelnitial stege 
of the experinmnt, as compart to larvae feeding on a control plant For example, after 71 h, 60% of the larvae 
feeding on control plant N21-1 07 have gone to the L2 stege, while the number of L2 larvae is only 1 5% or less 
on piante N21-18, 43, 53, 50 and 11. When followed over a longer period, significant morteTrty was recorded 
in the larva feeding n pGS1 1 51 transfbnned i^ants. On one of the piante (N21-1 1), mortality reached 100% 

55 after less than 7 days. Mortalily on the control plant only reach^ 15% on day 7 and 45% of the larvae had 
already gone to the L3 stage (this In contrast to the other piante having suttstantially no L3 larvae on day 7). 
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Experiment Ifc 

Results from a second tn^ct test (II) invdving newly hatched M. sexta laivae was performed on some of 
the plants also used In Exp. I, foDowing Procedure 1. Results are presented in Table 16. A high mortality rate 
5 was mcorded fai the plants tran^brmed wHh pGS1151 (75-100% death) whUe nearly all the larvae fiaeding on 
the control plants N21-1Q2. 104 and 107 were stiD viat)l after 4 days. A complete list of all the plants used in 
insect tests I and II Is given In Table 17. Also indicated are the Km resistance levels detemnined for the plants 
transfonned with pGS1151; the percentage mortality of the larvae feeding on tiiese plants after several days; 
and the mean weight of ttie larvae that surWved after 7 days in Expertment I. 

10 

Conclusion: 

Tobacco plants transformed with pGS1 1 51 and selected for high Km resistance clearly induce severe toxic 
efliects on larvae feeding on these plants. The effects on insect larvae observed here, are the same as those 

15 induced by the B.t tox^ of bact^ origin (see Sec^'on 5.2, Tables 2 and 3); that Is, growth inhibition in the 
initial stage (retardation in the transition fnm one instar to the next) followed by death. 

it is apparent from Table 17 that the plants exhibiting the h^hest levels of Km resistance (500 ug/ntl Km) 
also induce the highest moitality rates. Thus, using the fusion protein constnjction, we were able to select for 
efndent expression of toxidty by selecting for Km resistance. 

20 It should be noted that the u^ of a fusion protein, as d^cribed herein, may represent a particular advan- 
tage, not only because dir^ slectton for transfonnants of interest can be done, but also because the fusion 
protein itsdf might have some intrinsic useful properties. For example, Bt2:NFTII fusion proteins might t^e rnore^ 
stable in plant cells than intact Bt2 protein and/or the messenger RNA derived from the fusion genes might be 
more stable than Intact Bt2 Rl^ 

25 

14. Stable inheritance of new phenotype, acquired through transformation 

A substantial fraction of the plants transformed witti the transfonration vectors described herein wQi con- 
tain, stably inserted into their genome, a fragnnent of newly acquired DMA containing both a chimeric Bt toxin 
30 gene and a marker gene (nos, NPT1I). This was confirmed by the results of southern blotting experiments. Th 
new phenotypic traits acquired through thte transformatton method (expresston of Bt Toxin, antibiotic resist- 
ance, nopaiine production) win be Inherited according to classic Mendel tan genetics. To verify stable inheritance 
of the new traits, Fi descendants from transformed plants were analysed for the expression of Bt toxin and 
synthesis of nopaiine. 

35 Transformed tobacco plants were aDowed to flower and give seed. Care was taken that no cross pollination 
occured. From 4 plants previous identified as Bt * (161-9, 10 -^ 147 174), seeds were genmlnated in agar 
medUim and Fi plants were analysed for the presence of nopaiine (nopaiine synthase t>elng present as marker 
gene in the parental plants). Rants were tested 3 weeks after germination (approximatdy 1 cm in height) or 
later at &*7 weeks {ZA cm). The results are depicted In Table 18. 

40 From plants 10-1 and 147-8 about 3/4 of the Fi were nos which is expected from Mendelian Inheritance 
of aslnglelocus(1:2:1). ForFi (dents from 161-9, the nopaiine signal was very weakwhen planflets were tested 
at approximately 3 weeks after gemnination. Due to this weak expression the nopaiine signals were not deariy 
^Hslble and thmlbre the numt>erof posKives might be underestimated at this stage. However at 7 weeks a dear 
positive signal was detected in a 3/4 of the plants. The reason for the low expression in the early age of the 

46 plants is not known. 

In the Fi from plant 174, of the 45 plants analysed, 43 were nos \ Thte high percentage (95%) of no s * 
Indicates that the nos gene is inserted in the genome on more than one independent locus. F^ plartts were also 
analysed for the expression of Bt2 toxin using the EUSA. Data from EUSA assays on leaf tissue Indicated that 
Bt2 * phenotype was correlate with nc^ \ Therefore the Bt2 * trait is stably Inherited. 
60 Cultures of cells containing intenn^^ doning vectcvs and hybrid plasmid vedms were deposited on 1 0 
Dea 84 with Deutsche Sammlung von Miko-organism (DSM) Gesellsdiaft fur Biotedinologische Forechung 
mbH, (Srisbachstr 8D-3400, Gottir^en, Federal Republic of Germany (ha^ng been despatdied thereto on 5th 
December 1984) and have been assign^ accesston numbere as follows: 

55 
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E, coli K514 (pHD208) DSM 3127 

E. coli K514 (pHD205) DSM 3128 

A. tumefaciens C58C1 Rif^ (pHD1076) DSM 3129 

^ A. tumefaciens C58C1 Rxf^ (pHDlOSO) DSM 3130 

CuftuTBS of B.t beribier 1715 have aim been deposited with the rame deposSory and been assigned an acces- 
sion number of DSM 31 31 . NIootiana tabacum cv. Petit Havana SR-1 has been deposfted with the Untt^ States 
10 Department of Agriculture, National Seed Storage Laboratory, Colorado State University, Ft Collins, Colorado 
80523 and assigned serial number 191197 and Is freely avaOable upon request 

Cultures of ceils containing intermedkte doning vectors and hybrid plasmid vectors were deposited with 
American Type Culture Coll^'on (ATCC) on 24th December 1985 and have been assigned accession num- 
bere as follows: 

IS 

coli K514 (pLBKm25) ATCC 53390 

20 E. coli K514 (pLBKin33) (without lambda repressor) 

ATCC 53389 



25 
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E. coli K514 (pLBKml820) 



ATCC 53388 



E. coli JM83 K12 (pSSD301) 



ATCC 53391 



E. coli K514 (pLBKmlSeO) 



ATCC 53387 



A. tumefaciens C58C1 Ery^ Cml^ (pHD1080) ATCC 53385 



A. tumefaciens C58C1 Rif" (pGSlllO) 

A. tiimefaciens C58C1 Rlf^ (pGSllSl) 

A. ttunefaciena C58C1 Bif^ (pGS1161) 

A. tumefaciens C58C1 Rif^ (pGS1152) 

A. tximefaciens C58C1 Rif^ (pGS1163) 

A. tumefaciens C58C1 Rif^ (pGSllTl) 

A. tumefaciens C58C1 Rif^ (pGSllSl) 

A. tumefaciens C58C1 Rif^ (pGS1182) 

A. tumefaciens C58C1 Rif® (pGS1251) 

A. tumefaciens C58C1 Rif^ <pGS1261) 

A. tumefaciens C58C1 Rif^ (pGS1253) 

A. tumefaciens C58C1 Rif^ (pGS1262) 



ATCC 53386 
ATCC 53392 
ATCC 53393 
ATCC 53394 
ATCC 53395 
ATCC 53396 
ATCC 53397 
ATCC 53398 
ATCC 53399 
ATCC 53400 
ATCC 53401 
ATCC 53402 



Their viability was tested and confiimed on 27th December 1985. 
Cultures of E. cdi K514 are commercially avaOaUe 



39 



EP0 451 878 A1 



TABLE 1 

Toxicity (Toward P. brassicae Larva ) 
of Bt2 and B,t. Crystal Proteins 



San^le Toxicity (mean value ± S.D.*) 

LDgQ (ng/larva) 



Solubilized B.t. 0.65 ± 0.35 

berliner 1715 crystals 



Purified Bt2 protein 1.65 ± 1.3 



* S.D. is Standard Deviation. 



40 



EP 0451 878 A1 



10 



<u 



6 

(0 



IS 



0) 
C9 



XT 
C 



so 
rsi 



20 



Id 



CI 



25 



30 



&4 



O 

CO 

o 

•P 
Q> 
C 



35 



B 

U 
O 

c 
o 



CO 



<0 

u 



40 



45 



50 



4J 
O 
U 

tu 

+> 

CQ 

O 

-P 
o 

«M 
M 



> 

18 

o 



c 
o 



<3 
U 
4J 
C 
<D 
U 
C 

o 

CQ 



55 



t3 
Q) 
CO 
CO 

a 
m 

iH 
:3 
CQ 



CM 



o 
o 



4J 

U 

o 

£ 



ml 

-I 



I t 



o 

o in in m o 

\0 I GO 00 o\ ^ 



HI 



4J 
O 



51 



CO 



ooooooooo 
ooooooooo 



o o 



o o o o 



so CO 

in 



i-i r* CM oi m 
^ \o <y\ o\ ^ 



o 



^ in 

CM rH 



HI 



r^otnincoinmm 
m ^ f-( «-4 



o 
o 



n o m 
<n in 



^ in CO n 



O 
£ 



in 



o o 



r* ^ in 
CM rn 



O O 00 

ro ^ m 



rsj o 
o 



CM 
CM 



^or^ooo\m\ot^ 



0) 

(d ro 
CO 



OQ 

<D Vi 
£ 9 
O 



o 
o 



o o 
so in cn 



m VP 
ro fH 



^ 00 
CM 



cMr^iHr^incMotr-m 



m vo 



41 



5>0451 878A1 



10 



16 



20 



25 



30 



35 



40 



OB 




frt 




%4 




(Q 






4J 


5 












(D 




q 






o 


di 




^* 




0 


W 


VI 


tT\ 




irt 




j > 


f-H 




m 


w 






CO 




>i 




u 




o 








u 


•u 


0 




G 


•n 

w 


•H 


' fli 

w 


r-l 


(0 


CO 


M 


CD 




d) 


di 














03 














• 




m 






to 




• 1 




•% 




Al 
W 


o 


09 


&I 






At 

to 


•d 




c 




CO 








CM 


Id 


4J 


S 














0 


O 






0) 


>^ 


10 


4^ 


> 


•H 


u 


U 




•H 




X 




o 









45 



m 

CO 
>t 

o 
u 



4J 



CM 



to 

iH -H 4i 
O 1-4 O 
U O (tS 
4J O U 
G 4J 
O • X 

u mica 



0) CO 
•H (8 



o 
in 

CM 



in 

CM 



in 

CM 



• 

CM 
rH 

in 

CM 



in 

CM 



in 

CM 

6 
O 

c in 

*H CM 

o 
u 
a 

m 

D» • 
CCM 



01 

CO in 
O • 

CM 



o 
in 

CM 



o o o 

CM O 



O O CM O 
CM 0\ O 



O O ^ CM O 
C\ O 



O O CM CM rH 00 CO 
CO t** 00 00 00 



o o o o o o 



O VD O 

ro o 



O 00 o 
CM O 



O 00 CM O 

o\ o 



^ o oo o 

VD 00 CO o 



o o 



^ ^ 00 00 



o o o o o 



CM n m vo r** 



50 



55 



42 



EP0451878A1 



TABLE 4 

Toxicity f Bt;NPT2 Fusion Protein on 3rd Instar 
P. brassicae (% Mortality After 4 Days) 



Toxin dose (ug/ml) 
Bt protein 0.1 0.2 0.3 0.6 



Bt2 70 NT*^* 90 NT 100 



Bt:NPT2 NT 80 NT 100 NT 



NT = Not Tested 
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TABLE 5 

Toxicity of Intact Bt2 Protein, 60 Kd "Processed* 
Bt2 Protein (Trypsin Digested) and Bt;NPT2 
Fusion Protein on Larvae of Mandnca sexta 

% Mortality after 4 days 



Toxin dose: 
2 

(ng/cm ) 


0 


0.67 


2 


6 


18 


54 


162 


130 Kd Bt2 


0 


0 


0 


0 


3 


8 


100 


60 Kd Prociessed Bt2 




0 


0 


0 


0 ' 


60 


100 


Bt:NPT2 




0 


0 


0 


0 


83 


100 


Larval Weight 


after 


4 days (mg/larva) 






Toxic dose 
2 

(ng/cn ) 


0 


0.67 




2 


6 




18 


130 Kd Bt2 


27.4 


20.7 




9.4 


5.4 




2.4 


60 Kd Bt2 




16.3 




8.3 


6.4 




3.9 


Bt:NPT2 




26.5 




15.8 


7.7 




4.5 



Toxin dilutions were applied on artificial diet as 
described in Section 12, Thirty (30) 1st Instar larvae 
were used per dilution. 
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TABLE 6 

Toxicity of BtsNPTII Fusion Proteins or Bt2 
Deletions on 3rd Instar P. brassicae Larvae 
(% Mortality After 4 Days) 

E. coli Exp, 1 Dilution Bacterial Extract 



strain 1/100 1/10 1/3 



NFj^ (neg. 0 0 0 
control) 

pLBKm860 100 98 100 

pLBKm865 2 0 0 



Exp. 2 1/25 1/5 1/1 



NFj^ 14 2 2 

pLB879 100 100 100 

pLB834 2 2 0 



Exp. 3 1/100 1/10 1/1 



NFj 4 4 2 

pLB879 8 50 98 

pLB820 54 100 100 

pIiB884 74 100 100 
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Saramry of Engineered Ti Plaiqrrids and 
TOiexr IntermpryiRte Vectors 



Ti 


TI 






Bt 


Plant 


Plant 


3' Ehd 


Plaamd 


Plaanid 


diate 


Vector 


Casette 


Pronu 


Marker 




pBDlOSO 


pVG3850 


pHD205 


pIijV2382 


pHD160 


Pnos 


nos 




pHD1060 


PGV2260 


1^207 

* 


pGV857 


pHD162 


Pnos 




ocs 


pHDl076 


pGV2260 


pBD208 


pilDSOS 




Pssu pec 




DCS 


pBDlOSO 


pGV3850/ 
IQbi 


1^210 


pAC6 


pBD164 


Pssu pea Rn 


OCS 


pGSlllO 


pGV3850 


pGSHlO 


pGV874 


pIfiRaa33 


Pnos 




Nos 


pGSllSl 


F(^260 


pGSHlSl 


pGffllSO 


pI£Km33 


pra2 


iUF 


t? 


- pGsiiei 


PQV2260 


"pGSHlSl ' 


-pGSHieO 


pHD164 


PTR2 


Rn 


t7 


pGS1152 


pG^260 


pGSH152 


pGSHlSO 


pI£IQnl860 


PTR2 


RoF 


t7 


pGS1162 


pGV2260 


pGSHl62 


pGSBieO 


pl£1820 


PTR2 


Ra 


t7 


pGSllbJ 


pGvZZou 


pGSnloj 


pGSnloO 


plJB1884 


PTR2 


Km 


t7 


pGSllTl 


pGV2260 


pGSHlTl 


pAGS007 


p££Riil4 


Pssu301 


Hyg 


ssu301 


pGSllSl 


PGV2260 


pGSHlBl 


PSGS007 


pDC3 


Pssu301 


Km 


SSU301 


PGS1182 


PGV2260 


pGffll82 


pUCSOOl 


PLB1820 


PSSU301 


Ra 


S5u301 


pGS1251 


p0;226O 


PGSJ251 


PGSJ250 


pI£Rn33 


P35S*1 


RnF 


t7 


PGS1261 


pGV2260 


p6SJ261 


pGSJ260 


pliD162 


P35S*1 


Ra 


t7 


PGS1253 


pGV2260 


PGSJ253 


pGSJ250 


pI£IQn2860 


P35S*1 


RnF 


t7 


PGS1262 


P5V2260 


PGSJ262 


PGSJ260 


Fie2820 


P35S*1 


Rq 


t7 


PGS1271 


pG72260 


PGSJ271 


PGSJ270 


PKD162 


P35S*2 


Ra 


t7 


pGS1281 


pGV2260 


PSS32B1 


pGSJ280 




P35S*2 


Rcf* 


t7 



* lUF indicates Kananiycin fusions. 
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Itesiilts Itammoassays on Pooled Callus Bctracts 



Oonstruc- Extract Protein Total Bt2 in Vtestem 

tion Fractixm Oontent Volume KTiTSA Blotting 

ugAnl Extract ng/ml ng/g Voluzna 130 Kcl 
(nd) (ul) 



pHDlOSO 


I 


9650 


10 


60 


1.2 


50 




(500 g) 
















pHD1060 _ 


I - 


7800 , 


8 


95 . 


. 1.9 


. 50 




(392 g) 


II 


640 


1 


105 


0.27 


200 


+ 




HI 


N.D. ^> 


0.3 


M.D. 


N.D. 


20 


+ 


1^1080 


I 


4150 


2 


72 


1.2 


50 




(100 g) 


II 


326 


1 


29 


0.29 


N.D. 


N.D. 




III 


N.D. 


0.5 


N.D. 


N.D. 


100 


+ 



^^N.D. = Not Determined 
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TABLE 9 



Lev Is of Bt2 Protein Detected in Leaves from 
5 Immunopositive Plants Transformed by pHDlOSO 



Plant Isolation ng Bt2/g Plant Tissue 

Number 



161-9 25.0 

10-1 7.6 

10-2 , , 6.0 

147-8 14.0 

147-9 9.2 



TABLE 10 

Immunoassays on Extracts of Calli Derived from 
Leaves of Transformed Tobacco 



Construe- Fraction Protein Volume Bt2 
tion Content Extract Detected in 

(ug/ml) (ml) ELISA (ng/g) 



pHDl076 I 6200 7 1.6 

(59 g) II 1520 1.5 0.4 
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TABLE 11 



Toxicity of Callus Extract on Manduca Sexta Larva 



Extract 



Volume 
Per cm^ 
(ul) 



Total 

Number 

Larvae 



LI 



Results After 



WC 



L2 Dead 



1076 
pH 4.5 



12.5 
50 
100 



4 
4 
4 



4 
4 



SR-1 
pH 4.5 



50 



8 



(Control No 
Plant Extract) 



44 



43 



After Immunoprec ! 



1076 
pH 4.5 



25 
50 



12 
8 



12 
3 



SR-1 
pH 4.5 



50 
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TABLE 12 

Growth Rate and Mortality of Manduca Sexta Larvae 
Feeding on Transformed Tobacco Leaves 



A» Larval Stage at 150 h: (Number of Larvae) 



Plant 


161-9 


147 


174 


SR-1 


161-6 


L2 


22 


22 


24 


9 


5 


1.3 


ZD 


Z7 


23 


36 


41 


Dead 


3 


1 


3 




'4 


B. Larval Weight 


at 164 h: 










Mean Weight 


59.5 


48.7 


50.6 


65.7 


74.9 


Per Larva (mg) 


±4.7 


16.1 


±10.4 


77.0 


86.5 


Mean Weight 


67.6 


61.9 


60.0 


77.0 


86.5 


5 Largest 


±6.5 


16.4 


±1.3 


±2.5 


±7.2 
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TABLE 14 

Characteristica of Plants from Experiment No. 20 
Plant Number nos. Km" Insect Tox. 
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(*) N.T. = 


Not Tested 
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TABLE 15 

Growth Rate and M reality of Manduca sexta Larvae 
Fe ding on Leaves From Tobacco Plants Transformed 
with PGS1151 (Experiment II 

Represented are; 

Numbers of larvae in a certain stage (LI, L2 or L3) 
or dead (D) from groups of 20 larvae after a period of 
feeding on the tobacco leaves « 

Time Plant N21-50 N21-35 N21-11 N21-56 

(Hours) D L1L2L3 DL1L2 L3 DLl L2L3 D LI 12 L3 
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TOBLE 15 (cont'd) 
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♦Plant N21-107 is a control plant transfonned with the 
same type of vector but comprising only a PTRiNPTIl 
chimeric gene and no Bt2 sequences. 
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TABLE 17 



Percentage mortality and mean weight of Handuca sexta 
larvae after a certain p riod of feeding on tobacco leaves 
from plants transformed with pGSllSl. Complete results 
from the 2 independent Experiments I and II (Tables 15 and 
16) are compiled. Kanamycin resistance levels of the 
plants expressing the Bt:NPT2 fusion protein are also 
given (ug/ml Km on which good callus growth still occurs) . 



^ ^ , . Maan Weic^it Surviving 

T>io«^. Larvae Ong/larva) 

Plant Rn Exp. I Exp. II Esa>. I 

No. (ug/ml Rn) (after 168 h) (after 118 h) (after 168 h) 

(or 120 h*) 



N21-3 


200 


15 


N.T. 




34.0 










5 


200 


30 


N.T. 


52.4 


11 


500 


100 


100 




12 


500 


40 


N.T. 


16.6 


16 


200 


45 


N.T. 


25.3 


17 


500 


75 


N.T. 


13.4 


18 


500 


85 


95 


9.0 


23 


500 


90 


100* 


12.5 


29 


200 


55 


N.T. 


21.9 


32 


200 


50 


N.T. 


27.4 


33 


500 


40 


N.T. 


27.7 


35 


500 


85 


90 


18.7 


40 


200 


20 


N.T. 


28.6 


41 


200 


15 


N.T. 


29.1 


42 


200 


55 


N.T. 


18.7 


43 


500 


75 


90 


15.5 
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10 



TftHI£ 17 (oQzxt'd) 

Mean ffeig^ Surviving 

_ % Mortality larvae bng/larva) 

Plant m Exp. I E8p. II Exp. I 

Nd. <ug>tal ftn) (after 168 h) (after 118 h) (after 168 h) 

(or 120 h*) 

45 200 30 N,T. 13.7 

50 500 75 100 10.7 

53 500 90 100* 12,5 

56 200 20 75 22.4 



20 

Oontrols: 

N21--102 — N.T. ™o*" N.T. 

104 — N.T. 0* N.T. 

^ 107 — 15 5* 44.1 



30 

N.T. = Not Tested 
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TRBUB 18 

Frequency ef Wnyv»ii ne Positive Plants in the 
Generation Derived fran Transformed Tobaoco Plants 



Plant No. Age of the Total Nppaline % 

of Parental Seedlings Nuitber of Positive Nbpaline 
Plant Diested Ma) Plants Itositives 

Tested 



147-8 3 74 56 76% 

7 13 11 85% 



10-1 3 25 20 80% 

7 9 7 78% 



161-9 3 66 18 ^''^ - 27% 

7 107 81 76% 



174 6 45 43 95% 



Nopaline SigneO. Very Vfeak, 



Claims 

1. A Bt2 DMA comprising the DMA sequence of Fig. 13 frcrni nudeo&ie position 141 to a nucleotide position 
encoding a tiypsin deavage site between nudeotide positions 1938 and 1961. 

2. The Bt2 DMA of daim 1 comprising the DMA sequence of Rg. 13 fiom nudeotid position 141 to a nuo- 
leot'de position between nudeotkle positions 1961 and 2308. 

3. The Bt2 DMA of daim 2 or 3 comprising the DMA sequence of Rg. 1 3 from nudeofide petition 1 41 to nuc- 
leotide position 3 60S. 

4. A Bi2 protein or an insectiddally active, truncated Bt2 protein encoded by the Bt2 DNA of anyone of daims 

58 
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5. A Bt2 protein or an insectidc^y active, truncated Bt2 protein having an amino add sequence of Rg. 13 
b tween the nudeotide positk>ra of Rg. 13 of the Bt2 DMA of anyone of dainns 1-3. 

6. A hybrid plasmld vector system for transfbiming a plarrt cefl genome comprising a Ti plaantd and the Bf2 
Dl^ of daim 1 or 2, optionally integrated into the Ti plasmid. 

7. The hybrid plasmid vector of daim 6 hart>ored in Agrobacterium, preferably A tumefiadens , 

8. A bacterial, e^g^ E. coli, plasmid ^ression vector containing the Bt2 DIMA of anyone of daims 1-3. 

9. A bacteria other than Badllus thuringiensis, e.g.t E. coli, hart>oring the vector of dafim 8. 

10. A method for combatting Lepidoptera comprising applying to the Lepldoptera the Bt2 protein or truncated 
Bt2 protein of dafm 4 or 5. 
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FIG. 19. 

Construetha of ranOom BtS'NPTIIfiahM and Bf2d9l9ttom 
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FIG.21. 



1. Trypsin digest Bt2 

2. pLB 950 
31 pLB834 
4. pLB879 



5. pLB884 

6. pLB828 

7. p LB 886 

8 NF1 control 



76 



EP 0451 878 A1 



FIG.22. 



Delineation of tite toxic fragment using C'teminal defefions 
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FIG.2U. 
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FIG.27. 



Adaption of Bt2 and Bt'NPTH eassaftos for ai^rosshn in plant celis* 
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FIG. 28. 
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2) pHD1C76* Pssu pea - Bt 

HlndnX BeanHZ Bt2 

3) pHDtOay fp -'Bf- fusion 

Hlndm 
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Clot BamHZ *4 BtZ 
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FIG.33A. 
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FI6.33E. 

Expression vector peV874* 




'Pnos fragment is Ute BclX^BamHI fragment from pUSV2362 
(Herrera-Esfretla etal.,EUBO J.,Z,9e7, 1983f, 
-'S'nes" fragment is the €8T tp TaQf-HlndXa fragments 
from the £S£ gene. (De Picker et d., J.lli.A.&, ±, 56/, 1982). 
^'Sm-Sp is the 2.3 Kb Htndm /BemHZ fragment from R702, 
—The remaining of the vector is p8R322. 
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FIG3U. 
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FIG.35. 
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PROTQCOL FOR PREPMATIOM OF PLANT EXTRACTS 



'50 g callus mafetial 

'Homogenize at O* C lit WO ml of Hio fallowing buffer 
Na2 COj pHIO WOmkl 
PMFS 0,17 mg /ml 
EDTA 50mM 

FIG.37A 

-sonicate 2*3 min at 400 Watt on ice 
'Centrifuge 13,000 rpm ; 30mln 

pellet 1 super no font X 



'• Supernatant I 

"Acid precipitation * bring pH damn slowly to 4.5 by adding 

dropwise 1 M Ha 
"Iheubote for 30 min at 0*0 
'Centrifuge lOfiOO rpm, 30min 
"Wash on lea with cold distilled H2O 

"Resuspend pellet In small wolume of buffer^ NogCO^ pHIO SOmM 
DTT 5 mU PMFS 0J9 mg/ml 

- xncubate for 1 h at O'C, wMIe regularly resuspending 
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'Centrifuge 13,000 rpm SOmIn 



pellet XL supernatant JL 
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FIG.37B. 

Supemafanf XL' 
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FIG.42. Ntol'BamHt'Saea-Mpat'jaoI'Mi^'Bg/it 
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